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TARGETED CHROMOSOMAL GENOMIC ALTERATIONS IN PLANTS 
USING MODIFIED SINGLE STRANDED OLIGONUCLEOTIDES 

Field Of The Invention 

The technical field of the invention is oligonucleotide-directed repair or alteration of plant 
genetic information using novel chemically modified oligonucleotides. 

Background Of The Invention 

A number of methods have been developed specifically to alter the genomic information 
of plants. These methods generally include the use of vectors such as, for example. T-DNA, carrymg 
nucleic acid sequences encoding partial or complete portions of a particular protein which is expressed in 
a cell or tissue to effect the alteration. The expression of the particular protein then results in the desired 
phenotype. See, for example, United States Patent 4.459,355 which describes a method for transforming 
plants with a DMA vector and United States Patent 5,1 88.642 which describes doning or expression 
vectors containing a transgenic DMA sequence which when expressed in plants confers resistance to the 
herbicide glyphosate. The use of such transgene-containing vectors adds one or more exogenous copies 
of a gene in a usually random fashion at one or more integration sites of the planf s genome at some 
variable frequency. The introduced gene may be foreign or may be derived from the host plant Any 
gene which was originally present in the genome, which may be, for example, a nonnal allelic variant; 
mutated, defective, and/or functional copy of the introduced gene, is retained in the genome of the host 
plant 

These methods of gene alteration are problematic in that complications which can 
compromise the vigor, productivity, yield, etc. of the plant may result One such problem is that insertion 
of exogenous nucleic acid at random location(s) in the genome can have deleterious effects. The random 
nature of this insertion and/or the use of exogenous promoters can also cause the timing, location or 
strength of expression of the introduced transgene to be inappropriate or unpredicteble. Another probtem 
with such systems includes the addition of unnecessary and unwanted genetic material to the genome of 
the recipient including, for example, T-ONA ends or other vector remnants, exogenous control 
sequences required to allow production of the transgene protein, which control sequences may be 
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exogenous or native to the host plant and/or the transgene, and reporter genes or resistance marlcere. 
Such remnants and added sequences may have presently unrecognized consequences, for example. 
Involving genefic rearrangements of the recipient genomes. In addition, concerns have been raised with 
consumption, especially by humans, of plants containing such exogenous genetic material. 

More recently, simpler systems involving poly- or oligo- nucleotides have been described 
for use in the alteration of genomic DNA. These chimeric RNA-DNA oligonucleotides, requiring 
contiguous RNA and DNA bases in a double-stranded molecule folded by complementarity into a double 
hairpin conformation, have been shown to effect single basepar or frameshift alterations, for example, for 
mutation or repair of plant animal or fungal genomes. See. for example, WO 99/07865 and U.S. Patent 
5,565,350. In the chimeric RNA-DNA oligonucleotide, an uninteniipted stretch of DNA bases within the 
molecule is required for sequence alteration of the targeted genome while the obligate RNA residues are 
involved In complex stability. Due to the tength. backbone composition, and structural configuration of 
these chimeric RNA-DNA molecules, they are expensive to synthesize and difficult to purify. Moreover. If 
the RNA-containing strand of the chimeric RNA-DNA oligonucteotide is designed so as to direct gene 
alteration, a series of mutagenic reactions resulting In nonspecific base alteratfon can result Such a 
result reduces the utility of such a molecule In methods designed for targeted gene alteration. 

AKematively. other oligo- or poly- nucleotides have been used which require a triplex 
forming, usually polypurine or polypyrimidine, structural domain which binds to a DNA helical duplex 
through Hoogsteen interactions between the major groove of the DNA duplex and the oligonucleotide. 
Such oligonucleotides may have an additional DNA reactive moiety, such as psoralen, covalentiy linked 
to the oligonucleotide. These reactive moieties function as effective intercalation agents, stabilize the 
formation of-a triplex and can be mutagenic. Such agents may be required in order to stabilize the triplex 
forming domain of the oligonucleotide with the DNA double helix if the Hoogsteen interactions from the 
oligonucleotide/target base composition are insufficient See, e.g., U.S. Patent 5,422,251. The utility of 
these oligonucleotides for directing targeted gene alteration is compronriised by a high frequency of 
nonspecific base changes. 

In more recent work, the domain for altering a genome is linked or tethered to the triptex 
fonming domain of the bi-functional oligonucleotide, adding an additional linking or tethering functional 
domain to the oligonucleotide. See. e.g.. Culver et al., Nafajre Biotechnology 17: 989-93 (1999). Such 
chimeric or triplex forming molecules have distinct structural requiremente for each of the different 
domains of the complete poly- or oligo-nucleotide in order to efliect the desired genomic alteration in either 
episomd or chromosomal targets. 
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Other genes, e.g. CFTR, have been targeted by homologous recombination using duplex 
fragments having several hundred basepairs. See, e.g., Kunzelmann et al., Gene Then 3:859-867 
(1996). Similar efforts to target genes by homologous recombination in plants using large fragments of 
DNA had some success. See Kempin et al.. Nature 389:802-803 (1997). However, the efficiency and 
reproducibility of the published homologous recombination approach in plants has severely limited the 
widespread use of this method. 

Earlier experiments to mutagenize an antibiotic resistance indicator gene by homologous 
recombination used an unmodified DNA oligonucleotide rather than larger fragments of DNA wherein the 
oligonucleotide had no functional domains other than a region of complementary sequence to the target 
See Campbell et al. New Biologist 1: 223-227 (1989). These experiments required large concentrations 
of the oligonucleotide, exhibited a very low frequency of episomal modification of atargeted exogenous 
plasmid gene not normally found in the cell and have not been reproduced. However, as shown in 
examples herein, we have observed that an unmodified DNA oligonucleotide can convert a base at low 
frequency which is detectable using the assay systems described herein. 

Oligonucleotides designed for use in the targeted alteration of genetic information are 
significantly different from oligonucleotides designed for antisense approaches. For example, antisense 
oligonucleotides are perfectiy complementary to and bind an mRNA strand in order to modify expression 
of a targeted mRNA and are used at high concentration. As a consequence, they are unable to produce a 
gene conversion event by either mutagenesis or repair of a defect in the chromosomal DNA of a host 
genome. Furthermore, the backbone chemical composition used in most oligonucleotides designed for 
use in antisense approaches renders them inactive as substrates for homologous pairing or mismatch 
repair enzymes and the high concentrations of oligonucleotide required for antisense applications can be 
toxic with some types of nucleotide modifications. In addition, antisense oligonucleotides must be 
complementary to the mRNA and therefore, may not be complementary to the other DNA strand or to 
genomic sequences that span the junction between intron sequence and exon sequence. 

Artificial chromosomes can be useful for the screening purposes identified herein. These 
molecules are man-made linear or circular DNA molecules constructed from essential cis-acting DNA 
sequence elements that are responsible for the proper replication and partitioning of natural 
chromosomes (Murray et al.. 1 983). The essential elements are: (1) Autonomous Replication Sequences 
(ARS), (2) Centromeres, and (3) Telomeres. 

Yeast artificial chromosomes (YACs) allow large segments of genomic DNA to be cloned 
and modified (Buri^e et al., Science 236:806; Peterson etal.. Trends Genet. 13:61 (1997); Choi, etal.. Nat 
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Genet, 4:117-223 (1993), Davies, etal., Biotechnology 11:911-914 (1993), Matsuura. et al., Hum. Mol. 
Genet, 5:451-459 (1996), Peterson at al, Proc. Natl. Acad. Sci, 93:6605-6609 (1996); and Schedl, et at, 
Cell, SGiJi-Sl (1 996)). Other vectors also have been developed for the cloning of large segmente of 
genomic DNA, including cosmids, and bacteriophage PI (Sternberg etal., Proc. NaU. Acad. Sci. U.SA, 
87:103-107 (1990)). YACs have certain advantages over these alternative large capacit/ cloning vectors 
(Burke et at, Science, 236:806-812 (1987)). The maximum insert size is 35-30 kb for cosmids, and 100 
kb for bacteriophage PI , both of which are much smaller than the maximal insert size for a YAC. 

An alternative to YACs are cloning systems based on the £ co// fertility factor that have 
been developed to construct large genomic DNA insert libraries. They are bacterial artificial 
chromosomes (BACs) and P-1 derived artificial chromosomes (PACs) (Mejia et al., Genome Res. 
7:179-186 (1997); Shizuya et at, Proc. NaU. Acad. Set 89:8794-8797 (1992); loannou et at, Nat Genet, 
6:84-89 (1994); Hosoda et al., Nucleic Acids Res. 18:3863 (1990)). BACs are based on the £ co// fertility 
plasmid (F factor); and PACs are based on the bacteriophage PI. These vectors propagate at a very low 
copy number (1-2 per ceil) enabling genomic inserts up to 300 kb in size to be stably maintained in 
recombination deficient hosts. The PACs and BACs are circular DNA molecules that are readily isolated 
from the host genomic background by classical alkaline lysis (Birnboim et at, Nucleic Acids Res. 
7:1 51 3-1 523 (1 979)). In addition, BACs have been developed for transformation of plants with high- 
molecular weight DNA using the T-DNA system (Hamilton, Gene 24:107-1 16 (1997); Frary & Hamilton, 
Transgenic Res. 10: 121-132 (2001)). 

A need exists for simple, inexpensive oligonucleotides capable of producing targeted 
alteration of genetic material such as those described herein as well as methods to identify optimal 
oligonucleotides that accurately and efficienfly alter target DNA. 

Summary Of The Invention 

Novel, modified single-stranded nucleic acid molecules that direct gene alteration in 
plants are identified and tiie efficiency of alteration is analyzed both in \ritro using a cell-free extract assay 
and in vivo using a yeast system and a plant system. The alteration in an oligonucleotide of the invention 
may comprise an insertion, deletion, substitution, as well as any combination of these. Site specific 
alteration of DNA is not only useful for studying function of proteins in vivo, but it is also useful for creating 
plants with desired phenotypes, including, for example, environmental stress tolerance, improved 
nutritional value, herbicide resistance, disease resistance, modified oil production, modified starch 
production, and altered floral morphology including selective sterility. As described herein, 
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Oligonucleotides of the invention target directed specific gene alterations In genomic double-stranded 
DNA in cells. The target genomic DNA can be nuclear chromosomal DNA as well as plastid or 
mitochondrial chromosomal DNA. The target DNA can also be a transgene present in the plant cell, 
including; for example, a previously introduced T-DNA. For screening purposes, the target plant DNA can 
also be extrachromosomal DNA present in plant or non-plant cells in various forms including, e.g., 
mammalian artificial chromosomes (MACs), PACs from P-1 vectors, yeast artificial chromosomes (YACs), 
bacterial artificial chromosomes (BACs), plant artificial chromosomes (PLACs), as well as episomal DNA, 
including episomal DNA fi^om an exogenous source such as a plasmid or recombinant vector. Many of 
these artificial chromosome constructs containing plant DNA can be obtained firom a variety of sources, 
including, e.g., the Arabldopsls Biological Resource Center (ABRC) at the Ohio State University, and the 
Rice Genome Research Program at the MAFF DNA bank in IbarakI, Japan. The target DNA may be 
transcriptionally silent or active. In a preferred embodiment the target DNA to be altered is the non- 
transcribed strand of a genomic DNA duplex. In a more preferred embodiment, the target DNA to be 
altered is the non-transcribed strand of a transcribed gene of a genomic DNA duplex. 

The low efficiency of targeted gene alteration obtained using unmodified DNA 
oligonucleotides is believed to be largely the result of degradation by nucleases present in the reaction 
mixture or the target cell. Although different modifications are known to have different effects on the 
nuclease resistance of oligonucleotides or stability of duplexes formed by such oligonucleotides (see, 
e.g., Koshkin et al., J. Am. Chem. Soc. 1 20:1 3252-3), we have found that it is not possible to predict 
which of any particular known modification would be most useful for any given alteration event including 
for the construction of gene alteration oligonucleotides, because of the interaction of different as yet 
unidentified proteins during ttie gene alteration event Herein, a variety of nucleic acid analogs have been 
developed ttiat increase ttie nuclease resistance of oligonucleotides that contain them, including, e.g., 
nucleotides containing phosphorothioate linkages or 2 -0-methyl analogs. We recentiy discovered tiiat 
single-stranded DNA oligonucleotides modified to contain 2'-0-methyl RNA nucleotides or 
phosphorotiiioate linkages can enable specific alteration of genetic infbmnation at a higher level than 
either unmodified single-stranded DNA or a chimeric RNA/DNA molecule. See, for example, copending 
applications United States application no. 60/208,538, United States application no. 60/244,989, United 
States application no. 09/818,875, international application no. PCT/US01/09761 and Gamperet al.. 
Nucleic Acids Research 28: 4332-4339 (2000), the disclosures of which are incorporated herein in tiieir 
entirety by reference. We also found that additional nucleic acid analogs which increase the nuclease 
resistance of oligonucleotides tiiat contain them, including, e.g., locked nucleic acids" or INAs", xylo- 
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LNAs and L-ribo-LNAs; see, for example, Wengel & Nielsen, WO 99/14226; Wengel, WO 00/56748; 
Wengel, WO 00/66604; and Jakobsen & Koshkin, WO 01/25478 also allow specific targeted alteration of 
genetic information. 

The assay allows for determining tiie optimum length of the oligonucleotide, optimum 
sequence of the oligonucleotide, optimum position of the mismatched base or bases, optimum chemical 
modification or modifications, optimum sti-and targeted for identi'fying and selecting tiie most efficient 
oligonucleotide for a particular gene alteration event by comparing to a control oligonucleotide. Control 
oligonucleotides may include a chimeric RNA-DNA double hairpin oligonucleotide directing the same 
gene alteration event an oligonucleotide that matches its target completely, an oligonucleotide in which all 
linkages are phosphorothiolated, an oligonucleotide fully substituted with 2'-0-methyl anafogs or an RNA 
oligonucleotide. Such control oligonucleotides either fall to direct a taigeted alteration or do so at a lower 
efficiency as compared to the oligonucleotides of the invention. The assay further allows for determining 
the optimum position of a gene alteration event witiiin an oligonucleotide, optimum concentration of ttie 
selected oligonucleotide for maximum alteration efficiency by systematically testing a range of 
concenti-ations, as well as optimization of either tiie source of cell exti-act by testing different plants or 
sti-ains, or testing cells derived firom different plants or strains, or plant cell lines. Using a series of 
single-sta-anded oligonucleotides, comprising all RNA or DNA residues and various mixtures of the two, 
several new structures are Identified as viable molecules In nucleotide conversion to director repair a 
genomic mutagenic event. When exti-acts fi-om mammalian, plant and fungal cells are used and are 
analyzed using a genetic readout assay In bacteria, single-stranded oligonucleotides having one of 
several modifications are found to be more active than a control RNA-DNA double hairpin chjmera 
sti-ucture when evaluated using an in vitm gene repair assay. Similar results are also observed in mo 
using yeast, mammalian and plant cells. Molecules containing various lengtiis of modified bases were 
found to possess greater activity than unmodified single-stranderf DNA molecules. 

Detailed DescfiPtion Of The Invention 

The present invention provides oligonucleotides having chemteally modified, nudease 
resistant residues, preferably at or near ttie tenminl of the oligonucleotides, and mettiods for ttieir 
Identification and use in targeted alteration of plant genetic material. Including gene mutation, targeted 
gene repair and gene knockout The oligonucleotides are preferably used for mismateh repair or 
alteration by changing at least one nucleic acid base, or for frameshifl repair or alteration by addition or 
deletion of at least one nucleic acid base. The oligonucleotides of ttie invention direct any such alteration, 



wo 01/92512 



-7- 



PCT/USO 1/17672 



including gene correction, gene repair or gene mutation and can be used, for exaniple, to introduce a 
polymorphism or haplotype or to eliminate ("knockout") a particular protein activity. For example, gene 
alterations that knockout a particular protein activity can be obtained using oligonucleotides designed to 
convert a codon in the coding region of the protein to a stop codon, thus prematurely terminating 
translation of the protein. Oligonucleotides that introduce stop codons in the open-reading-frame of the 
protein are one embodiment of the invention. Generally, oligonucleotides that introduce stop codons 
early in the open-reading-frame of the protein are preferred. If the open-reading-frame contains mofe 
than one methionine, oligonucleotides that introduce stop codons after the second methionine are 
prefenred. Additionally, if the gene exhibits alternative splice sites, oligonucleotides that introduce stop 
codons in exons after the alternative splice site are preferred. The following table provides examples of 
codons that can be converted to stop codons by altering a single oligonucleotide. A skilled artisan could 
readily identify other codons that can be converted to stop codons by altering one, two or three of the 
base pairs in a given codon. Similarly, a skilled artisan could readily identify codons that can be 
converted to stop codons by a frameshift mutations that inserts or deletes one or two base pairs in the 
open-reading-frame. It is also understood that more than one stop codon can be generated in a single 
open-reading-frame and that these stop codons can be adjacent in ttie sequence or separated by 
intervening codons. Where more than one stop codon is introduced into a single open-reading-frame, 
such alterations can be generated by a single or multiple oligonucleotides and can be generated 
simultaneously or by sequential mutagenesis of the target nucleic acid. 



Original codons* 


Corresponding stop codon 


GGA (glycine), AGA (arginine), CGA (arginine), TTA (leucine), 
TCA (serine), TGI (cysteine), TGG (tryptophan), TGC (cysteine) 


TGA 


AAG (lysine), GAG (glutamate), CAG (glutamine), TJG (leucine), 
TCG (serine), JGG (tryptophan), TAJ (cysteine), TAC (tyrosine) 


TAG 


AAA (lysine), GAA (glutamate), CAA (glutamine), TIA (teucine), 
TCA (serine), TAJ (cysteine), TAC (tyrosine) 


TAA 



The amino acid encoded by the original codon is shown in parentheses and the base targeted for 
alteration to convert the codon to the corresponding stop codon is underlined and in bold 
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The oligonucleotides of the invention are designed as substrates for homologous pairing 
and repair enzymes and as such have a unique bacl^bone composition that differs from chimeric RNA- 
DNA double hairpin oligonucleotides, antisense oligonucleotides, and/or other poly- or oligo-nucleotides 
used for altering genomic DNA, such as triplex forming oligonucleotides. The single-stranded oligo- 
nucleotides described herein are inexpensive to synthesize and easy to purify. In sIde-by-side 
comparisons, an optimized single-stranded oligonucleotide comprising modified residues as described 
herein is significantly more efficient than a chimeric RIMA-DNA double hairpin oligonucleotide in directing a 
base substitution or fi^ameshift mutation in a cell-free extract assay. 

We have discovered that single-stranded oligonucleotides having a DNA domain 
surrounding the targeted base, with the domain preferably central to the poly- or oligo-nucleotide, and 
having at least one modified end, preferably at the 3* terminal region, are able to alter a target genetic 
sequence and with an efficiency that is higher than chimeric RNA-DNA double hairpin oligonucleotides 
disclosed in US Patent 5,565,350. Preferred oligonucleotides of the invention have at least two modified 
bases on at least one of the termini, preferably the 3' terminus of the oligonucleotide. Oligonucleotides 
of the invention can efficiently be used to introduce targeted alterations in a genetic sequence of DNA in 
the presence of human, animal, plant, fungal (including yeast) proteins and in cells of different types 
including, for example, plant cells, fungal cells including S. cerevisiae, Ustillago maydis, Candida albicans, 
and mammalian cells. Particularly preferred are cells and cell extracts derived from plants including, for 
example, experimental model plants such as Chlamydomonas reinhardtii, Physcomiirella patens, and 
Arabidopsis thaliana In addition to crop plants such as cauliflower {Brassica oleracea), artichoke [Cynara 
scolymusl fruits such as apples {Malus, e.g. domesticus), mangoes [Mangifora, e.g. indica), banana 
{Musa, e.q: acuminata), hemes (such as currant Ribes, e.g, mbnjm), kiwifruit {Actinidia, e.g. chinensis), 
grapes {Vitis, e.g. wn/fera), bell peppers [Capsicum, e.g. annuum), chemes (such as the sweet cherry, 
. Pnjnus, e.g. avium), cucumber (Cucumis, e.g. saSvus), melons (Cucumis, e.g. melo), nuts (such as 
walnut, Juglans, e.g. regia; peanut Arachis f)ypogeae), orange [Citms, e.g. maxima), peach {Prunus, e.g. 
persica), pear {Pyra, e.g. communis), plum [Pmnus, e.g. domestical strawberry [Fragaria, e.g. mosct\ata 
or vesca), tomato [Lycopersicon, e.g. esculentum)', leaves and forage, such as alfelfa [Medicago, e.g. 
sativa or tmncatula), cabbage (e,g, Brassica oleraceal endive (Cichoreum, e.g. endivia), leek [Allium, 
e.g. ponvm), lettuce [Lactuca, e.g. sativa), spmch [Spinacia, e.g. oleraceae), tobacco [Nicotiana, e.g. 
tabacum); roots, such as arrowroot [Maranta, e.g. amndinacea), beet [Beta, e.g. vulgaris), carrot 
[Daucus, e.g. carota), cassava [Manihot, e.g. esculenta), turnip [Brassica, e.g. rape), radish [Raphanus, 
e.g. sativus), yam [Dioscorea, e.g. esculenta), sweet potato [Ipomoea batatas)', seeds, including oilseeds, 
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such as beans (Phaseolus. e.g. vulgaris), pea {Pisum, e.g. sativum), soybean {Glycine, e.g. max), 
cowpea {VIgna unguiculata), mothbean (Wgna aconitifblia), wheat (Triticum, e.g. aesffw/n), sorghum 
(Sofghum e.g. 6ico/o/), barley {Hordeum, e.g. w//gare), corn (Zea, e.g. ma/s), rice {Oryza, e.g. saf/Va), 
rapeseed {Brassica napus), millet (Panra/m sp.), sunflower {Helianthus annuus), oats (/\ve/)a saliva), 
chickpea (C/cer, e.g. arietinum); tubers, such as kohlrabi (Brass/ca, e.g. oleraceae), potato (So/a/jum, e.g. 
tuberosum) and the like; fiber and wood plants, such as flax {Linum e.g. usHatlssimum), cotton 
{Gossypium e.g. Wraufumj, pine (P/nt/s sp.), oak {Quercus sp.), eucalyptus (Eucalyptus sp.), and the like 
and ornamental plants such as turfgrass {Lolium, e.g. rigldum), petunia {Petunia, e.g. x /jyftrida), hyacinth 
{Hyacinthus orientalis), carnation {Dianthus e.g. caiyoph^lus), delphinium {Delphinium, e.g. a/ac»s), Job's 
tears {Coixlacryma-jobi), snapdragon {AnMnum maps), poppy {Papaver, e.g. nudtoaule), lilac 
{Syringa, e.g. vu/gans), hydrangea {Hydrangea e.g. matmphyHa), roses (including Gallicas, Albas. 
Danrasks, Damask Perpetuals, Centifbllas, Chinas, Teas and Hybrid Teas) and ornamental goldenrods 
(e.g. Solidago spp.). Such plant cells can then be used to regenerate whole plants according to methods 
described herein or any method known in the art The DMA domain of the oligonucleotides Is preferably 
fully complementary to one strand of the gene target, except for the mismatch base or bases responsible 
for the gene alteration event{s). On either side of the preferably central DNA domain, the contiguous 
bases may be either RNA bases or, preferably, are primarily DNA bases. The central DNA domain is 
generally at least 8 nucleotides in length. The base(s) targeted for alteration in the most preferred 
embodiments are at least about 8, 9 or 1 0 bases fi-om one end of the oligonucleotide. 

According to certain embodiments, one or both of the termini of the oligonucleotides of 
the present invention comprise phosphorothioate modifications, LNA backbone (including LNA derivatives 
and analogs) modifications, or 2'-0-methyl base analogs, or any combination of these modifications. 
Oligonucleotides comprising 2'-0-methyl or LNA analogs are a mixed DNA/RNA polymer. The 
oligonucleotides of the invention are, however, single-stranded and are not designed to fomi a stable 
internal duplex structure witttin the oligonucleotide. The efficiency of gene alteration is surprisingly 
Increased with oligonucleotides having intemal complementary sequence comprising phosphorothioate 
modified bases as compared to 2'-0-methyl modifications. This result indicates that specific chemical 
interactions are involved between the converting oligonucteotide and the proteins involved in the 
conversion. The effect of ottier such chemical interactions to produce nuclease resistant termini using 
modifications other than LNA (including LNA derivatives or analogs), phosphorothioate linkages, or 2-0- 
metiiyl analog incorporation into an oligonucleotide can not yet be predicted because tiie proteins 
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involved in the alteration process and their particular chemical Interaction with the oligonucleotide 
substituents are not yet known and cannot be predicted. 

In the examples, oligonucleotides of defined sequence are provided for alteration of 
genes inr particular plants. Provided the teachings of the instant application, one of skill In the art could 
5 readily design oligonucleotides. to introduce analogous alterations in homologous genes from any plant 
FurthenfTiore, in the tables of these examples, the oligonucleotides of tiie invention are not limited to the 
particular sequences disclosed. The oligonucleotides of tiie invention include extensions of the 
appropriate sequence of the longer 1 20 base oligonucleotides which can be added base by base to tiie 
smallest disclosed oligonucleotides of 1 7 bases. Thus the oligonucleotides of the invention include for 

10 each correcting change, oligonucleotides of length 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 
31, 32, 33, 34. 35, 36, 37, 38, 39, 40, 41, 42, 43. 44, 45, 46. 47, 48, 49, 50, 51. 52, 53. 54, 55, 56. 57, 58, 
59, 60, 61, 62, 63. 64, 65. 66, 67, 68, 69. 70, 71, 72, 73, 74, 75. 76. 77, 78, 79, 80, 81, 82. 83, 84. 85, 86, 
87, 88, 89, 90. 91, 92, 93. 94, 95, 96, 97. 98, 99, 100, 101, 102, 103, 104, 105, 106. 107, 108. 109, 110, 
1 1 1 . 1 1 2, 1 1 3, 1 1 4, 1 1 5, 1 1 6, 1 1 7, 1 1 8, 1 1 9, or 1 20 witti further single-nucleotide additions up to the 

1 5 longest sequence disclosed. In some embodiments, longer nucleic acids of up to 240 bases which 

comprise the sequences disclosed herein may be used. Moreover, ttie oligonucleotides of the invention 
do not require a symmetrical extension on either side of tiie centi'al DNA domain. Similarly, the 
oligonucleotides of the invention as disclosed in tiie various tables for alteration of particular plant genes 
contain phosphorottiioate linkages, 2'-0-mettiyl analog or LNA (including LNA derivatives and analogs) or 

20 any combination of tiiese modifications just as the assay oligonucleotides do. 

The present invention, however, is not limited to oligonucleotides that contain any 
particular nuclease resistant modification. Oligonucleotides of the invention may be altered with any . 
combination of additional LNAs (including LNA derivatives and analogs), phosphorottiioate linkages or 2*- 
0-methyl analogs to maximize converston efficiency. For oligonucleotides of Uie invention ttiat are tonger 

25 than about 17 to about 25 bases in length, internal as well as terminal region segmente of ttie backbone 
may be altered. Altematively, simpte told-back sti-uctures at each end of a oligonucleotide or appended 
end groups may be used in addition to a modified backbone for conferring additional nuclease resistance. 

The different oligonucleotides of the present invention preferably contain more than one 
of the aforementioned backbone modifications at each end. In some embodiments, the backbone 

30 modifications are adjacent to one anotfier. However, the optimal number and placement of backbone 
modifications for any individual oligonucleotide will vary witii ttie lengtii of the oligonucleotide and tiie 
particular type of backbone modification(s) tiiat are used. If constructs of identical sequence having 
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phosphorothioate linkages are compared. 2, 3, 4, 5, or 6 phosphorothioate linkages at each end are 
preferred. If constructs of Identical sequence having 2'-0-methyl base analogs are compared, 1, 2, 3 or 4 
analogs are preferred. The optimal number and type of backbone modifications for any particular oligo- 
nucleotide useful for altering target DNA may be determined empirically by comparing the alteration 

5 efficiency of the oligonucleotide comprising any combination of the modifications to a control molecule of 
comparable sequence using any of the assays described herein. The optimal position(s) for 
oligonucleotide modifications for a maximally efficient altering oligonucleotide can be detenmined by 
testing the various modifications as compared to control molecule of comparable sequence in one of the 
assays disclosed herein. In such assays, a control molecule includes, e.g., a completely Z-O-methyl 

1 0 substituted molecule, a completely complementary oligonucleotide, or a chimeric RNA-DNA double 
hairpin. 

Increasing the number of phosphorothioate linkages, LNAs or 2*-0-methyl bases beyond 
the preferred number generally decreases the gene repair activity of a 25 nucleotide long oligonucleotide. 
Based on analysis of the concentration of oligonucleotide present in the extract after different time periods 

1 5 of incubation, it is believed that the terminal modifications impart nuclease resistance to the oligonucleo- 
tide thereby allowing it to survive within the cellular environment However, this may not be the only 
possible mechanism by which such modifications confer greater efficiency of conversion. For example, 
as disclosed herein, certain modifications to oligonucleotides confer a greater improvement to the 
efficiency of conversion than other modifications. 

20 Efficiency of conversion is defined herein as the percentage of recovered substrate 

molecules that have undergone a conversion event Depending on the nature of the target genetic 
material, e.g. the genome of a cell, efficiency could be represented as the proportion of cells or clones 
containing an extrachromosomal elementthatexhibit a particular phenotype. Alternatively, representative 
samples of the target genetic material can be sequenced to determine the percentage that have acquired 

25 the desire change. The oligonucleotides of the invention in different embodiments can alter DNA two, 
three, four, five, six, seven, eight nine, ten, twelve, fifteen, twenty, thirty, and fifty or more fold more than 
control oligonucleotides. Such control oligonucleotides are oligonucleotides with fully phosphorothlolated 
linkages, oligonucleotides that are fully substituted with 2'-0-methyl analogs, a perfectly matched 
oligonucleotide that is fully complementary to a target sequence or a chimeric DNA-RNA double hairpin 

30 oligonucleotide such as disclosed in US Patent 5,565,350. 

In addition, for a given oligonucleotide length, additional modifications interfere with the 
ability of the oligonucleotide to act in concert with the cellular recombination or repair enzyme machinery 
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which is necessary and required to mediate a targeted substitution, addition or deletion event in DNA. For 
example, fully phosphorothiolated or fully 2-0-methylated molecules are inefficient In targeted gene 
alteration. 

The oligonucleotides of the invention as optimized for the purpose of targeted alteration 
of genetic material, including gene knockout or repair, are different in structure from antisense oligo- 
nucleotides that may possess a similar mixed chemical composition backbone. The oligonucleotides of 
the invention differ from such antisense oligonucleotides in chemical composition, structure, sequence, 
and in their ability to alter genomic DNA. Significantly, antisense oligonucleotides fail to direct targeted 
gene alteration. The oligonucleotides of the invention may target either strand of DNA and can include • 
any component of the genome including, for example, intron and exon sequences. The preferred 
embodiment of the invention is a modified oligonucleotide that binds to the non-transcribed strand of a 
genomic DNA duplex. In other words, the prefen^d oligonucleotides of the invention target the sense 
strand of the DNA, I.e. the oligonucleotides of the invention are complementary to the non-transcribed 
strand of the target duplex DNA. The sequence of the non-transcribed strand of a DNA duplex is found in 
the mRNA produced from that duplex, given that mRNA uses uracikontaining nucleotides In place of 
thymine-containing nucleotides. 

Moreover, the inWal observation that single-stranded oligonucleotides comprising these 
modifications and lacking any particular triplex forming domain have reproducibly enhanced gene 
alteration activity in a variety of assay systems as compared to a chimeric RNA-DNA double-stranded 
hairpin control or single-stranded oligonucleotides comprising other backbone modifications was 
surprising. The single-stranded molecules of the invention totally lack the complementary RNA binding 
structure that stabilizes a normal chimeric double-stranded hairpin of the type disclosed in 
U.S. Patent 5,565,350 yet is more effective in producing targeted base converston as compared to such a 
chimeric RNA-DNA double-stranded hairpin. In addition, the molecules of the Invention lack any 
particular triplex forming domain involved in Hoogsteen Interactions with the DNA double helbc and 
required by other known oligonucleotides in other ollgonucleotide-dependant gene converston systems. 
Although the lack of these functional domains was expected to decrease the efficiency of an alteration in 
a sequence, just the opposite occurs: the efficiency of sequence alteration using the modified 
oligonucleotides of the Invention is higher than the efficiency of sequence alteration using a chimeric 
RNA-DNA hairpin targeting the same sequence alteration. Moreover, the efficiency of sequence 
alteration or gene conversion directed by an unmodified oligonucleotide is many times lower as compared 
to a confrol chimeric RNA-DNA molecule or tiie modified oligonucleotides of the invention targeting the 
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same sequence alteration. Similariy, molecules containing at least 3 Z-O-methyl base analogs are about 
four to five fold less efficient as compared to an oligonucleotide having the same number of 
phosphorothioate linkages. 

The oligonucleotides of the present invention for alteration of a single base are about 17 
to about 1 21 nucleotides in length, preferably about 1 7 to about 74 nucleotides in length. Most preferably, 
however, the oligonucleotides of the present Invention are at least about 25 bases in length, unless there 
are self-dimerization structures within the oligonucleotide. If the oligonucleotide has such an unfavorable 
structure, lengths longer than 35 bases are prefen-ed. Oligonucleotides with modified ends both shorter 
and longer than certain of the exemplified, modified oligonucleotides herein function as gene repair or 
gene knockout agents and are within the scope of the present invention. 

Once an oligomer is chosen, it can be tested for its tendency to seif-dimerizei since self- 
dimerization may result in reduced efficiency of alteration of genetic Information. Checking for self- 
dimerization tendency can be accomplished manually or, preferably, using a software program. One 
such program is Oligo Analyzer 2,0, available through Integrated DNA Technologies (Coralville, lA 52241) 
(http://www.idtdna.com); this program is available for use on the world wide web at 
http.7/www.idtdna.com/program/oligoanalyzer/ 

oligoanalyzer.asp. 

For each oligonucleotide sequence input into the program, Oligo Analyzer 2.0 reports possible self- 
dimerized duplex forms, which are usually only partially duplexed, along with tiie free energy change 
associated with such self-dimerization. Delta G-values that are negative and large in magnitude, 
indicating strong self-dimerization- potential, are automatically flagged by the software as "bad". Anottier 
software program that analyzes oligomers for pair dimer formation is Primer Select from DNASTAR, Inc., 
1228 S. Parte St, Madison, Wl 53715, Phone: (608) 258-7420 
(http://www.dnastar.com/producte/PrimerSelecthtml). 

If the sequence is subject to significant self-dimerization, the addition of further sequence flanking tiie 
"repair" nucleotide can improve gene connection frequency. 

Generally, the oligonucleotides of the present invention are identical in sequence to one 
strand of the target DNA, which can be either strand of the target DNA, witii the exception of one or more 
targeted bases positioned within the DNA domain of the oligonucleotide, and preferably toward the middle 
between the modified terminal regions. Preferably, the difference in sequence of the oligonucleotide as 
compared to the targeted genomic DNA is located at about the middle of the oligonucleotide sequence. In 
a preferred embodiment the oligonucleotides of tiie invention are complementary to the non-ti'anscribed 
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Strand of a duplex. In other words, the preferred oligonucleotides target the sense strand of the DNA, i.e. 
the oligonucleotides of the invention are preferably complementary to the strand of the target DNA the 
sequence of which is found in the mRNA, 

The oligonucleotides of the invention can include more than a single base change. In an 
oligonucleotide that is about a 70-mer, with at least one modified residue incorporated on the ends, as 
disclosed herein, multiple bases can be simultaneously targeted for change. The target bases may be up 
to 27 nucleotides apart and may not be changed together in all resultant plasmids in all cases. There is a 
frequency distribution such that the closer the target bases are to each other in the central DNA domain, 
within the oligonucleotides of the invention, the higher the frequency of change in a given cell. Target 
bases only two nucleotides apart are changed together in every case that has been analyzed. The 
farther apart the two target bases are, the less firequent the simultaneous change. Thus, oligonucleotides 
of the invention may be used to repair or alter multiple bases rather than just one single base. For 
example, in a 74-mer oligonucleotide having a central base targeted for change, a base change event up 
to about 27 nucleotides away can also be effected. The positions of the altering bases within the 
oligonucleotide can be optimized using any one of the assays described herein. Preferably, the altering 
bases are at least about 8 nucleotides from one end of the oligonucleotide. 

The oligonucleotides of the present invention can be introduced into cells by any suitable 
means. According to certain preferred embodiments, the modified oligonucleotides may be used alone. 
Suitable means, however, include the use of polycations. cationic lipids, liposomes, polyethylenimine 
(PEI), electroporation, biolisfics, microinjection and other methods known in the art to facilitate cellular 
uptake. For plant cells, biolistic or particle bombardment methods are typically used. According to certain 
preferred embodiments of the present invention, isolated plant cells are treated in culture according to the 
methods of the invention, to mutate or repair a target gene. Alternatively, plant target DNA may be 
modified in vitro or in another cell type, including for example, yeast or bacterial cells and then introduced 
into a plant cell as, for example, a T-DNA. Plant cells tiius modified may be used to regenerate the whole 
organism as, for example, in a plant having a desired targeted genomic change. In other instances, 
targeted genomic alteration, including repair or mutagenesis, may take place in vivo following direct 
administration of tiie modified, single-stranded oligonucleotides of the invention to a subject. 

The single-stranded, modified oligonucleotides of the present invention have numerous 
applications as gene repair, gene modification, or gene knockout agents. Such oligonucleotides may be 
advantageously used, for example, to inb-oduce or correct multiple point mutations. Each mutation leads 
to the addition, deletion or substitution of at least one base pair. The methods of the present invention 
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offer distinct advantages over other methods of altering the genetic makeup of an organism, in that only 
the individually targeted bases are altered. No additional foreign DNA sequences are added to the 
genetic complement of the organism. Such agents may, for example, be used to develop plants with 
improved traits by rationally changing the sequence of selected genes in isolated cells and using these 
modified cells to regenerate whole plants having the altered gene. See, e,g!, U.S. Patent 6,046,380 and 
U.S. Patent 5,905,185 incorporated herein by reference. Such plants produced using the compositions of 
the invention lack additional undesirable selectable markers or other foreign DNA sequences. Targeted 
base pair substitution or firameshift mutations introduced by an oligonucleotide in the presence of a cell- 
free extract also provides a way to modify the sequence of extrachromosomal elements, including, for 
example, plasmids. cosmids and artificial chromosomes. The oligonucleotides of the invention also 
simplify the production of plants having particular modified or inactivated genes. Altered plant model 
systems such as those produced using the methods and oligonucleotides of the invention are invaluable 
in determining the function of a gene and in evaluating drugs. The oligonucleotides and methods of the 
present invention may also be used to introduce molecular markers, including, for example, SNPs, 
RFLPs,AFLPs and CAPS. 

The purified oligonucleotide compositions may be formulated in accordance with routine 
procedures depending on the target For example, purified oligonucleotide can be used directly in a 
standard reaction mixture to introduce alterations into targeted DNA in vitro or where cells are the target 
as a composition adapted for bathing cells in culture or for microinjection into cells in culture. The purified 
oligonucleotide compositions may also be provided on coated microbeads for biolistic delivery into plant 
cells. Where necessary, the composition may also include a solubilizing agent Generally, the 
ingredients'will be supplied either separately or mixed together in single-use form, for example, as a dry, 
lyophilized powder or water-free concentrate. In general, dosage required for efficient targeted gene 
alteration will range firom about 0.001 to 50,000 pg/kg target tissue, preferably between 1 to 250 pg/kg, 
and most preferably at a concentration of between 30 and 60 micromolar. 

For cell administration, direct injection into the nucleus, biolistic bombardment 
electroporation, liposome transfer and calcium phosphate precipitation may be used. In yeast lithium 
acetate or spheroplast transformation may also be used. In a preferred method, the administi-ation is 
performed with a liposomal transfer compound, e.g., DOTAP (Boehringer-Mannheim) or an equivalent 
such as lipofectin. The amount of the oligonucleotide used is about 500 nanograms in 3 micrograms of 
DOTAP per 100,000 cells. For electroporation, between 20 and 2000 nanograms of oligonucleotide per 
million cells to be electroporated is an appropriate range of dosages which can be increased to improve 
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efficiency of genetic alteration upon review of the appropriate sequence according to the methods 
described herein. For biolistic delivery, microbeads are generally coated with resuspended 
oligonucleotides, which range of oligonucleotide to microbead concentration can be similarly adjusted to 
improve efficiency as determined using one of the assay methods described herein, starting with about 
0.05 to 1 microgram of oligonucleotide to 25 microgram of 1 .0 micrometer gold beads or similar 
microcarrier. 

Another aspect of the invention is a kit comprising at least one oligonucleotide of the 
invention. The kit may comprise an additional reagent or article of manufecture. The additional reagent 
or article of manufacture may comprise a delivery mechanism, cell extract a cell, or a plasmid, such as 
one of those disclosed in the Figures herein, for use in an assay of the invention. Alternatively, the 
invention includes a kit comprising an isogenic set of cells in which each cell in the kit comprises a 
different altered amino acid for a target protein encoded by a targeted altered gene within the cell 
produced according to the methods of the invention. 

Brief Description Of The Drawing s 

Figure 1 Flow diagram for the generation of modified single-stranded oligonucleotides. 
The upper strands of chimeric oligonucleotides I and II are separated into pathways resulting in the 
generation of single-sti^anded oligonucleotides that contain (A) 2'-0-methyl RNA nucleotides or (B) 
phosphorothioate linkages. Fold changes in repair activity for con-ection of kan' in the HUH7 cell-fi^ee 
exti^act are presented in parenthesis. HUH7 cells are described in Nakabayashi et aL, Cancer Research 
42: 3858-3863 (1 982). Each single-stranded oligonucleotide is 25 bases in length and contains a G 
residue mismatched to the complementary sequence of the kan' gene. The numbers 3, 6, 8, 10, 12 and 
12.5 respectively indicate how many phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) 
are at each end of the molecute. Hence oligo 12S/25G conteins an all phosphorothioate backbone, 
displayed as a dotted line. Smooth lines indicate DHA residues, wavy lines indicate 2'-0-methyi RNA 
residues and the carat indicates the mismatohed base site (G). Figure 1 (C) provides a schematic plasmid 
indicating the sequence of the kan chimeric double-stranded hairpin oligonucleotide (left) and the 
sequence the tet chimeric double-stranded hairpin oligonucleotide used in otiier experimente. Figure 
1 (D) provides a flow chart of a kan experiment in which a chimeric double-sti-anded hairpin 
oligonucleotide is used. 

Figure 2. Genetic readout system for conection of a point mutation in plasmid pK^m4021 . 
A mutant kanamycin gene harbored in plasmid pK'm4021 is the target for correction by oligonucleotides. 
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The mutant G is conveited to a C by the action of the oligo. Corrected plasndids confer resistance to 
kanamycin in E.coli (DH1 OB) after electroporation leading to the genetic readout and colony counts. 

Figure 3: Target plasmid and sequence corredion of a frameshifl mutation by chimeric 
and single-stranded oligonucleotides. (A) Plasmid prA208 contains a single base deletion mutation at 
5 position 208 rendering it unable to confer tet resistance. The target sequence presented below indicates 
the insertion of a T directed by the oligonucleotides to re-establish the resistant phenotype. (B) DNA 
sequence confinning base insertion directed by Tet 3S/25G; the yellow highlight indicates the position of 
frameshift repair. 

Figure 4. DAM sequences of representative karf colonies, Confinnation of sequence 

1 0 alteration directed by the indicated molecule is presented along with a table outlining codon distribution. 
Note that 1 0S/25G and 1 2S/25G elicit both mixed and unfaithful gene repair. The number of clones 
sequenced is listed in parentheses next to the designation for the single-stranded oligonucleotide. A plus 
(+) symbol indicates the codon identified while a figure after the (+) symbol indicates the number of 
colonies with a particular sequence. TACA'AG indicates a mixed peak. Representative DNA sequences 

1 5 are presented below the table with yellow highlighting altered residues. 

Figures. Gene corredion in HeLa cells. Representative oligonucleotides of the 
invention are co-transfected with the pCMVneoOFIAsH plasmid (shown in Figure 9) into HeLa cells. 
Ligand is diffused into cells after co-transfection of plasmid and oligonucleotides. Green fluorescence 
indicates gene correction of the mutation in the antibiotic resistance gene. Correction of the mutation 

20 results in the expression of a fusion protein that carries a marker ligand binding site and when the fusion 
protein binds the ligand, a green fluorescence is emitted. The ligand is produced by Aurora Biosciences 
and can readily diffuse into cells enabling a measurement of corrected protein function; the protein must 
bind the ligand directly to induce fluorescence. Hence cells bearing the corrected plasmid gene appear 
green while "uncoaected" cells remain colorless. 

25 Figure 6. Z-series imaging ofconected cells. Serial cross-sections of the HeLa cell 

represented in figure 5 are produced by Zeiss 510 LSM confocal microscope revealing that the fusion 
protein is contconed within the cell. 

Figure 7. Hygromycin-eGFP target plasmids. (A) Plasmid pAURHYG(ins)GFP contains 
a single base insertion mutation between nucleotides 136 and 137, at codon 46, of the Hygromycin B 

30 coding sequence (cds) which is transcribed from the constitutive ADH1 promoter. The target sequence 
presented below indicates the deletion of an A and the substitution of a C for a T directed by the 
oligonucleotides to re-establish the resistant phenotype. (B) Plasmid pAURHYG(rep)GFP contains a 
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base substitution mutation introducing a G at nucleotide 1 37, at codon 46, of the Hygromycin B coding 
sequence (cds). The target sequence presented below the diagram indicates the amino acid 
conservative replacement of G with C, restoring gene function. 

Figure 8. Oligonucleotides for correction of hygromycin resistance gene. The sequence 
of the oligonucleotides used in experiments to assay correction of a hygromycin resistance gene are 
shown. DNA residues are shown in capital letters, RNA residues are shown in lowercase and nucleotides 
with a phosphorothioate backbone are capitalized and underlined. 

Figure 9. pAURNeo(-)FIAsH plasmid. This figure describes the plasmid structure, target 
sequence, oligonucleotides, and the basis for detection of the gene alteration event by fluorescence. 

Figure 10. pYESHyg(x)eGFP plasmid. This plasmid is a construct similar to the 
pAURHyg(x)eGFP construct shown in Figure 7, except the promoter is the inducible GAL1 promoter. 
This promoter is inducible with galactose, leaky in the presence of rafFinose, and repressed in the 
presence of dextrose. 

Figure 1 1 . pBI-HygeGFP plasmid. This plasmid is a construct based on the plasmids 
pel 101, pB1 101.2, pBIIOI.3 or pB1 121 available from Clontech in which HygeGFP replaces the beta- 
glucuronidase gene of the Clontech plasmids. The different Clontech plasmids vary by a reading frame 
shift relative to the polylinker, or the presence of the Cauliflower mosaic virus promoter. 

The following examples are provided by way of illustration only, and are not intended to 
limit the scope of the invention disclosed herein. 

EXAMPLE 1 
Assay Method For Base Alteration 
And Preferred Oligonucleotide Selection 

In this example, single-stranded and double-hairpin oligonucleotides with chimeric backbones 
(see Figure 1 for structures (A and B) and sequences (C and D) of assay oligonucleotides) are used to 
correct a point mutation in the kanamycin gene of pK^m4021 (Rgure 2) or the tetracycline gene of 
pT^A208 (Figure 3). All kan oligonucleotides share the same 25 base sequence surrounding the target 
base identified for change, just as all tet oligonucleotides do. The sequence is given in Figures 1 C and 
Figure 1D. Each plasmid contains a functional ampicillin gene. Kanamycin gene function is restored 
when a G at position 4021 is converted to a C (via a substitution mutation); teti'acycline gene function is 
restored when a deletion at position 208 is replaced by a C (via frameshift mutation). A separate plasmid. 
pAURNeo(-)FIAsH (Figure 9), bearing the kan^ gene is used in the cell culture experiments. This plasmid 
was constructed by inserting a synthetic expression cassette containing a neomycin phosphotransferase 
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(kanamycin resistance) gene and an extended reading frame that encodes a receptor for the FIAsH 
ligand into the pAUR123 shuttle vector (Panvera Corp., Madison, Wl). The resulting construct replicates 
in S. cerevisiae at low copy number, confers resistance to aureobasidinA and constitutively expresses 
either the Neo+/FIAsH fusion product (after alteration) or the truncated Neo-/FIAsH product (before 
alteration) from the ADH1 promoter. By extending the reading frame of this gene to code for a unique 
peptide sequence capable of binding a small ligand to fonn a fluorescent complex, restoration of 
expression by correction of the stop codon can be detected In real time using confocal microscopy. 

Additional constructs can be made to test additional gene alteration events or for specific use In 
different expression systems. For example, alternative comparable plant plasmids or integration vectors 
such as, e.g. those based on T-DNA, can be constructed tor stable expression in plant cells according to 
the disclosures herein. Such constructs would use a plant specific promoter such as, e.g., cauliflower 
mosaic virus 35S promoter, to replace the promoters directing expression of the neo. hyg or 
aureobasidinA resistance gene disclosed herein, including for example, in Figures 7B, 9 and 10 herein. 
Moreover, the green fluorescent protein (GFP) sequence used herein may be modified to increase 
expression in plant cells such as Arabidopsis and the other plants disclosed herein as described in 
Haseloff et al„ Proc. Natf.Acad. Sci, 94(6): 2122-7 (1997), Rouwendal etal. Plant Mol. Biol. 33(6): 989-99 
(1997) and Hu etal. FEBS Lett. 369(2-3): 331-4 (1995). Codon usage for optimal expression of GFP in 
plants results from increasing the firequency of codons with a C or a G in the third position from 32 to 
about 60%. Specific constructe are disclosed and can be used as follows with such plant specific 
alterations. 

We also construct three mammalian expression vectors, pHyg(rep)eGFP, pHyg(A)eGFP, 
pHyg(ins)e(jFP, that contain a substitution mutation at nucleotide 137 of the hygromycin-B coding 
sequence, (rep) indicates a T137-^G replacement (A) represents a deletion of the G137 and (ins) 
represents an A insertion between nucleotides 136 and 137. All point mutefions create a nonsense 
termination codon at residue 46. We use pMYGeGFP plasmid (Invitrogen, CA) DNA as a template to 
introduce the mutations into the hygromycin-eGFP fusion gene by a two step site-directed mutagenesis 
PCR protocol. First, we generate overlapping 5' and a 3' amplicons surrounding the mutation site by PGR 
for each of the point mutation sites. A 215 bp 5' amplicon for the (rep), (A) or (ins) was generated by 
polymerization from oligonucleotide primer HygEGFR(5-AATACGACTCACTATAGG-3') to primer 
Hygrepr (5'GACCTATCCACGCCCTCC-3'), HygAr (5^-GACTATCCACGCCCTCC-3'), or Hyginsr (5'- 
GACATTATCCACGCCCTCC-3*), respectively. We generate a 300bp 3' amplicon for the (rep), (A) or . 
(ins) by polymerization firom oligonucleotide primers Hygrepf (5 -CTGGGATAGGTCCTGCGG-3'), HygAf 
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(5'-CGTGGATAGTCCTGCGG-3'), Hyginsf (5'-CGTGGATAATGTCCTGCGG-3'), respectively to primer 
HygEGFPr (5'-AAATCACGCCATGTAGTG-3'). We mix 20 ng of each of the resultant 5' and 3' 
overlapping amplicon mutation sets and use the mixture as a template to amplify a 523 bp fragment of the 
Hygromycin gene spanning the Kpnl and RsrII restriction endonuclease sites. We use the Expand PGR 
system (Roche) to generate all amplicons with 25 cycles of denaturing at 94*^0 for 10 seconds, annealing 
at 55^0 for 20 seconds and elongation at 68''C for 1 minute. We digest 1 0 jjg of vector pHYGeGFP and 
5 gg of the resulting fragments for each mutation with Kpnl and RsrII (NEB) and gel purify the firagment 
for enzymatic ligation. We ligate each mutated insert into pHYGeGFP vector at 3:1 molar ratio using T4 
DNA ligase (Roche). We screen clones by restriction digest confirm the mutation by Sanger dideoxy 
chain termination sequencing and purify the plasmid using a Qiagen maxiprep kit 

Oligonucleotide synthesis and cells. Chimeric oligonucleotides and single-stranded 
oligonucleotides (including those with the indicated modifications) are synthesized using available 
phosphoramidites on controlled pore glass supports. After deprotection and detachment from the solid 
support, each oligonucleotide is gel-purified using, for example, procedures such as those described in 
Gamper ef a/., Biochem. 39, 5808-5816 (2000) and the concentrations determined spectrophotometrically 
(33 or 40 Mg/ml per Ajgo unit of single-stranded or hairpin oligomer). HUH7 cells are grown in DMEM, 
10% FBS, 2mM glutamine, 0.5% pen/strep. The £co// strain, DH10B, is obtained from Life Technologies 
(Gaithersburg, MD); DH10B cells contain a mutation in the RECA gene (recA). 

Cell-free extracts. Although this portion of this example is directed to mammalian 
systems, similar extracts from plants can be prepared as disclosed elsewhere in this application and used 
as disclosed in this example. We prepare cell-free extracts from HUH7 cells or other mammalian cells, as 
follows. We employ this protocol with essentially any mammalian cell including, for example, HI 299 cells 
(human epithelial carcinoma, non-small cell lung cancer), CI 271 (immortal murine mammary epithelial 
cells), MEF (mouse embryonic fibroblasts), HEC-1-A (human uterine carcinoma), HCT15 (human colon 
cancer), HCT1 16 (human colon carcinoma), LoVo (human colon adenocarcinoma), and HeLa (human 
cervical carcinoma). We harvest approximately 2x10^ cells. We then wash the cells immediately in cold 
hypotonic buffer (20 mM HEPES, pH7.5; 5 mM KCI; 1.5 mM MgCli 1 mM DTT) with 250 mM sucrose. 
We then resuspend the cells in cold hypotonic buffer without sucrose and after 1 5 minutes we lyse the 
cells with 25 strokes of a Bounce homogenizer using a tight fitting pestle. We incubate the lysed cells for 
60 minutes on ice and centrifuge the sample for 1 5 minutes at 1 2000xg. The cytoplasmic fraction is 
enriched with nuclear proteins due to the extended co-incubation of the fractions following cell breakage. 
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We then immediately aliquote and freeze the supernatant at •80*'C. We detennine the protein 
concentration in the extract by the Bradford assay. 

We also perform these experiments with cell-free exfracts obtained from fungal cells, 
including, for example, S. ceremiae (yeast), Ustitago maydis, and Candida albicans. For example, we 
grow yeast cells into log phase in 2L YPD medium for 3 days at 30*C. We then centrifuge the cultures at 
SOOOxg, resuspend the pellets in a 10% sucrose. 50 mM Tris, ImM EDTA lysis solution and freeze them 
on dry ice. After thawing, we add KCI, spermidine and lyticase to final concentrations of 0.25 mM, 5 mM 
and 0.1 mg/ml, respectively. We incubate the suspension on ice for 60 minutes, add PMSF and Triton 
XI 00 to final concenfrations of 0. 1 mM and 0.1 % and continue to incubate on ice for 20 minutes. We 
centrifuge the lysate at SOOOxg for 10 minutes to remove larger debris. We then remove the supematant 
and clarify it by cenfrifuging at 30000xg for 1 5 minutes. We then add glycerol to the clarified extract to a 
concenfration of 10% (v/v) and freeze aliquots at-SO^'C. We determine the protein concenfration of the 
extract by the Bradford assay. 

Reaction mixtures of 50 \A are used, consisting of 10-30 pg protein of cell-free exfract, 
which can be optionally substituted with purified proteins or enriched fractions, about 1 .5 pg chimeric 
double-hairpin oligonucleotide or 0.55 pg single-sfranded molecule (3S/25G or 6S/256, see Figure 1), 
and 1 pg of plasmid DNA (see Figures 2 and 3) in a reaction buffer of 20 mM Tris, pH 7.4, 15 mM MgCl2, 
0.4 mM DTT, and 1 .0 mM ATP. Reactions are initiated with exfract and incubated at SO'^C for 45 min. 
The reaction is stopped by placing the tubes on ice and then immediately deproteinized by two 
phenol/chloroform (1:1) exfractions. Samples are then ethanol precipitated. The nucleic acid is pelleted 
at 15,000 r.p.m. at 4'C for 30 min., is washed with 70% ethanol, resuspended in 50 \i\ H2O, and is stored 
at -20*C. 5 pi of plasmid from the resuspension (-1 00 ng) was fransfected in 20 pi of DH10B cells by 
elecfroporation (400 V, 300 pF, 4 kQ) in a Cell-Porator apparatus (Life Technologies). After elecfro- 
porab'on, cells are fransferred to a 14 ml Falcon snap-cap tube with 2 ml SOC and shaken at 3rc for 1 h. 
Enhancement of final kan colony counts is achieved by then adding 3 ml SOC with 10 pg/ml kanamycin 
and the cell suspension is shaken for a further 2 h at 37^C. Cells are then spun down at 3750 x g and the 
pellet is resuspended in 500 pi SOC. 200 pi is added undiluted to each of two kanamycin (50 pg/ml) 
agar plates and 200 pi of a 10^ dilution is added to an ampicillin (100 pg/ml) plate. After overnight 37**C 
incubation, bacterial colonies are counted using an Accucount 1000 (Biologies). Gene conversion 
effectiveness is measured as the ratio of the average of the kan colonies on both plates per amp colonies 
multiplied by 1 0'^ to correct for the amp dilution. 
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The following procedure can also be used. 5 Ml of resuspended reaction mixtures (total 
volume 50 |Jl) are used to transform 20 Ml aliquots of electro-competent DH10B bacteria using a 
Celi-Porator apparatus (Life Technologies). The mixtures are allowed to recover in 1 ml SOC at 37'C for 
1 hour at which time 50 \jglm\ kanamycin or 12 Mg/ml tetracycline is added for an additional 3 hours. 
Prior to plating, the bacteria are pelleted and resuspended in 200 m1 of SOC. 100 Ml aliquots are plated 
onto kan ortet agar plates and 100 Ml of a 10"* dilution of the cultures are concurrently plated on agar 
plates containing 100 [igM of amplcillin. Plating is performed in triplicate using sterile Pyrex beads. 
Colony counts are detemiined by an Accu-count 1 000 plate reader (Biologies). Each plate contains 200- 
500 amplcillin resistant colonies or 0-500 tetracycline or kanamycin resistant colonies. Resistant colonies 
are selected for plasmid extraction and DNA sequencing using an ABI Prism kit on an ABI 310 capillary 
sequencer (PE Biosystems). 

Chimeric single-stranded oligqnudeotides. In Figure 1 the upper strands of chimeric 
oligonucleotides I and II are separated into pathways resulting in the generation of single-stranded oligo- 
nucleotides that contain (Figure 1 A) 2'-0-methyl RNA nucleotides or (Figure 1 B) phosphorothloate 
linkages. Fold changes in repair activity for correction of kan* in the HUH7 cell-free extract are presented 
in parenthesis. Each single-stranded oligonucleotide is 25 bases in length and contains a G residue 
mismatched to the complementary sequence of the kan^ gene. 

IVIolecules bearing 3, 6, 8, 10 and 12 phosphorothioate linkages in the terminal regions at 
each end of a backbone with a total of 24 linkages (25 bases) are tested in the kan^ system. Alternatively, 
molecules bearing 2, 4, 5, 7, 9 and 1 1 in the terminal regions at each end are tested. The results of one 
such experiment, presented in Table 1 and Figure 1B, illustrate an enhancement of correction activity 
directed by some of these modified structures. In this illustrative example, the most efficient molecules 
contained 3 or 6 phosphorothioate linkages at each end of the 25-mer; the activities are approximately 
equal (molecules IX and X with results of 3.09 and 3.7 respectively). A reduction in alteration activity may 
be observed as the number of modified linkages in the molecule is further increased. Interestingly, a 
single-strand nriolecule containing 24 phosphorothioate linkages is minimally active suggesting that this 
backbone modification when used throughout the molecule supports only a low level of targeted gene 
repair or alteration. Such a non-altering, completely modified molecule can provide a baseline control for 
determining efficiency of correction for a specific oligonucleotide molecule of known sequence in defining 
the optimum oligonucleotide for a particular alteration event 

The efficiency of gene repair directed by phosphorotiiioate-modified, single-stranded 
molecules, in a length dependent fashion, led us to examine the lengtii of the RNA modification used in 
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the original chimera as it relates to correction. Construct III represents the "RNA-containing" strand of 
chimera I and, as shown in Table 1 and Figure 2A, it promotes inefficient gene repair. But, as shown in 
the same figure, reducing the RNA residues on each end from 10 to 3 increases the frequency of repair. 
At equal levels of modification, however, 25-mers with 2'-0-methyl ribonucleotides were less effective 
gene repair agents than the same oligomers with phosphorothioate linkages. These results reinforce the 
fact that an RNA containing oligonucleotide is not as effective in promoting gene repair or alteration as a 
modified DNA oligonucleotide. 

Repair of the kanamycin mutation requires a G^C exchange. To confirm that the 
specific desired correction alteration was obtained, colonies selected at random from multiple 
experiments are processed and the isolated plasmid DNA is sequenced. As seen in Figure 4, colonies 
generated through the action of the single-stranded molecules 3S/25G (IX). 6S/25G (X) and 8S/25G (XI) 
respectively contained plasmid molecules harboring the targeted base con'ection. While a few colonies 
appeared on plates derived from reaction mixtures containing 25-mers with 10 or 12 thioate linkages on 
both ends, the sequences of the plasmid molecules from these colonies contain nonspecific base 
changes. In these illustrative examples, the second base of the codon is changed (see Figure 3). These 
results show that modified single-strands can direct gene repair, but that efficiency and specificity are 
reduced when the 25-mers contain 10 or more phosphorothioate linkages at each end. 

In Figure 1, the numbers 3, 6, 8, 10, 12 and 12.5 respectively indicate how many 
phosphorothioate linkages (S) or 2'-0-methyl RNA nucleotides (R) are at each end of the examplified 
molecule although other molecules with 2, 4, 5, 7, 9 and 1 1 modifications at each end can also be tested. 
Hence oligo 12S/25G represents a 25-mer oligonucleotide which contains 12 phosphorothioate linkages 
on each side of the central G target mismatch base producing a fully phosphorothioate linked backbone, 
displayed as a dotted line. The dots are merely representative of a linkage in the figure and do not depict 
the actual number of linkages of the oligonucleotide. Smooth lines indicate DNA residues, wavy lines 
indicate 2'-0-methyl RNA residues and the carat indicates the mismatched base site (G). 

Correction of a mutant kanamycin gene in cultured mammalian cells. Although this 
portion of this example is directed to cultured mammalian cells, comparable methods may be used using 
cultured plant cells or protoplasts of those cells ft-om the plant species disclosed herein. The experiments 
are performed using different eukaryotic cells including plant and mammalian cells, including, for example, 
293 cells (transformed human primary kidney cells), HeLa cells (human cervical carcinoma), and H1299 
(human epithelial carcinoma, non-small cell lung cancer). HeLa cells are grown at 37'C and 5% CO2 in a 
humidified incubator to a density of 2 x 1 0^ cells/ml in an 8 chamber slide (Lab-Tek). After replacing the 
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regular DMEM with Optimem, the cells are co-transfected with 10 pg of plasmid pAURNeo(-)FIAsH and 
5 |jg of modified single-stranded oligonucleotide (3S/25G) that is previously complexed with 10 |jg 
lipofectamine, according to the manufacturer's directions (Life Technologies). The cells are treated with 
the liposome-DNA-oligo mix for 6 hrs at 37"C. Treated cells are washed with PBS and fresh DMEM is 
added. After a 1 6-1 8 hr recovery period, the culture is assayed for gene repair. The same 
oligonucleotide used in the cell-free extract experiments is used to target transfected plasmid bearing the 
kan^ gene. Correction of the point mutation In this gene eliminates a stop codon and restores full 
expression. This expression can be detected by adding a small non-fluorescent ligand that bound to a 
C-C-R-E-C-C sequence in the genetically modified carboxy terminus of the ken protein, to produce a 
highly fluorescent complex (FIAsH system, Aurora Biosciences Corporation). Following a 60 min 
incubation at room temperature with the ligand (FIAsH-EDT2), cells expressing full length kan product 
acquire an intense green fluorescence detectable by fluorescence microscopy using a fluorescein filter 
set. Similar experiments are performed using the HygeGFP target as described in Example 2 with a 
variety of mammalian cells, including, for example, COS-1 and COS-7 cells (Afj-ican green monkey), and 
CH0-K1 cells (Chinese hamster ovary). The experiments are also performed with PG12 cells (rat 
pheochromocytoma) and ES cells (human embryonic stem cells). 

Summary of experimental results. Tables 1 , 2 and 3 respectively provide data on the 
efficiency of gene repair directed by single-stranded oligonucleotides. Table 1 presents data using a cell- 
free extract from human liver cells (HUH7) to catalyze repair of the point mutation in plasmid pkan^m4021 
(see Figure 1). Table 2 illustrates that the oligomers are not dependent on MSH2 or MSH3 for optimal 
gene repair activity. Table 3 illustrates date from the repair of a frameshift mutetion (Figure 3} in the tet 
gene contained in plasmid pTetA208. Tabte 4 illustrates data from repair of the pkan^m4021 point 
mutation catalyzed by plant cell extracte prepared from canola and musa (banana). Colony numbers are 
presented as kan' or tef and fold Increases (single strand versus double hairpin) are presented for kan' in 
Tabte 1. 

Figure 5A is a confocal picture of HeLa cells expressing the corrected fusion protein from 
an episomal terget Gene rep£ur is accomplished by the action of a modified single-sfranded oligonucleo- 
tide conteining 3 phosphorothioate linkages at each end (3S/25G). Figure 5B represents a "Z-series" of 
HeLa cells bearing the corrected fusion gene. This series sections the cells from bottom to top and 
illustrates that the fluorescent signal is "inside the cells". 

Results, In summary, we have designed a novel class of single-stranded 
oligonucleotides with backbone modifications at the termini and demonstrate gene repair/conversion 
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activity in mammalian and plant cell-free extracts. We confirm that the all DNA strand of the RNA-DNA 
double-stranded double hairpin chimera is the active component in the process of gene repair. In some 
cases, the relative frequency of repair by the.novel oligonucleotides of the invention is elevated 
approximately 3-4-fold in certain embodiments when compared to frequencies directed by chimeric RNA- 
DNA double hairpin oligonucleotides. 

This sfrategy centers around the use of exfracts from various sources to correct a 
mutation in a plasmid using a modified single-sfranded or a chimeric RNA-DNA double hairpin 
oligonucleotide. A mutation is placed inside the coding region of a gene conferring antibiotic resistance in 
bacterial here kanamycin or tefracycline. The appearance of resistance is measured by genetic readout 
in £cg// grown in the presence of the specified antibiotic. The importance of this system is tiiat both 
phenotypic alteration and genetic inheritance can be measured. Plasmid pK'm4021 contains a mutation 
(T-^6) at residue 4021 rendering it unable to confer antibiotic resistance in £.cofi. This point mutation is 
targeted for repair by oligonucleotides designed to restore kanamycin resistance. To avoid concerns of 
plasmid contamination skewing the colony counts, the directed con-ection is from G-4C rather than G^T 
(wild-type). After isolation, the plasmid is elecfroporated into the DH1 OB sfrain of Eco//. which contans 
inactive RecA protein. The number of kanamycin colonies is counted and normalized by ascertaining the 
number of ampicillin colonies, a process that confrols for the influence of electroporation. The number of 
colonies generated from three to five independent reactions was averaged and is presented for each 
experiment A fold increase number is recorded to aid in comparison. 

The original RNA-DNA double hairpin chimera design, e.g., as disclosed in U.S. 
Patent 5,565,350, consists of two hybridized regions of a single-sfranded oligonucleotide folded into a 
double hairpin configuration. The double-sfranded targeting region is made up of a 5 base pair DNA/DNA 
segment bracketed by 10 base pair RNA/DNA segments. The cenfral base pair is mismatched to the 
corresponding base pair in the target gene. When a molecule of this design is used to correct the kan^ 
mutation, gene repair is observed (I in Figure 1 A). Chimera II (Figure 1 B) differs partly from chimera I in 
that only the DNA sfrand of the double hairpin is mismatched to the target sequence. When this chimera 
was used to correct the kan' mutation, it was twice as active. In the same study, repair function could be 
further increased by making the targeting region of tiie chimera a continuous RNA/DNA hybrid. 

Frame shin mutations are repaired. By using plasmid prA208, described in Figure 1(C) 
and Figure 3, the capacity of the modified single-sfranded molecules ttiat showed activity in con-ecting a 
point mutation, can be tested for repair of a frameshift To determine efficiency of correction of the 
mutation, a chimeric oligonucleotide (Tet I), which is designed to insert a T residue at positi'on 208, is 
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used. A modified single-stranded oligonucleotide (Tet IX) directs the insertion of a T residue at this same 
site. Figure 3 illustrates the plasmid and target bases designated for change in the experiments. When 
all reaction components are present (extract, plasmid, oligomer), tetracycline resistant colonies appear. 
The colony count increases with the amount of oligonucleotide used up to a point beyond which the count 
falls off (Table 3). No colonies above background are observed In the absence of either extract or 
oligonucleotide, nor when a modified single-stranded molecule bearing perfect complementarity is used. 
Figure 3 represents the sequence surrounding the target site and shows that a T residue is inserted at the 
correct site. We have isolated plasmids from fifteen colonies obtained in three independent experiments 
and each analyzed sequence revealed the same precise nucleotide insertion. These data suggest that 
the single-stranded molecules used initially for point mutation correction can also repair nucleotide 
deletions. 

Comparison ofphosphorothioate oligonucleotides to T-O-methyl substituted 
oligonucleoVdes. From a comparison of molecules VII and XI, it is apparent that gene repair is more 
subject to inhibition byRNA residues than by phosphorothioate linkages. Thus, even though both of 
these oligonucleotides contain an equal number of modifications to Impart nuclease resistance, XI (with 
16 phosphorothioate linkages) has good gene repair activity while VII (with 16 2 -0-methyl RNA residues) 
is inactive. Hence, the original chimeric double hairpin oligonucleotide enabled correction directed, in 
large part, by the strand containing a large region of contiguous DNA residues. 

Oligonucleotides can target multiple nucieotide alterations within f/je same template. The 
ability of individual single-stranded oligonucleotides to correct multiple mutations in a single target 
template is tested using the plasmid pK^m4021 and the following single-stranded oligonucleotides 
modified with 3 phosphorothioate linkages at each end (indicated as underlined nucleotides): Oligol is a 
25-mer with the sequence TTCGATAAGCCTATGCTGACCCGTG conBcts the original mutation present 
in the kanamycin resistance gene of pK^4021 as well as directing another alteration 2 basepairs away in 
the target sequence (both indicated in boldface); Oligo2 is a 70-mer with the 5'-end sequence 
nCGGCTACGACTGGGCACAACAGACAATTGGC with the remaining nucleotides being completely 
complementary to the kanamycin resistance gene and also ending in 3 phosphorothioate linkages at the 
3' end. Oligo2 directs correction of the mutation in pK'm4021 as well as directing another alteration 21 
basepairs away in the target sequence (both indicated in boldface). 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to con-ect multiple mutations in the pK'M4021 plasmid. These include, for example, a second 25-mer that . 
alters two nucleotides that are three nucleotides apart with the sequence 5'- 
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TTGTGCCCAGTCGTAICCGAATAGC-3'; a 70-mer that alters two nucleotides that are 21 nucleotides 
apart with the sequence 5*-CATCAGAGCAGCCAATTGTCTGnGTGCCCAGTCGTAGCCGAA 
TAGCCTCTCCACCCAAGCGGCCGGAGA-3*; and another 70-mer that alters two nucleotides that are 21 
nucleotides apart with the sequence 5'- 

GCTGACAGCCGGAACACGGCGGCATCAGAGCAGCCMnCTCTGTTGTGCCCAGTCGTAGCCGAAT 
AGCCT-3'. The nucleotides in the oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same way as the other 
oligonucleotides of the invention. 

We assay correction of the original mutation in pK'm4021 by monitoring kanamycin 
resistance (the second alterations which are directed by Oligo2 and OligoS are silent with.respect to the 
kanamycin resistance phenotype). In addition, in experiments with Oligo2, we also monitor cleavage of 
the resulting plasmids using the resbiction enzyme TspSOSI which cuts at a specific site present only 
when the second alteration has occun'ed (at ATT in Oligo2). We then sequence these clones to 
determine whether the additional, silent alteration has also been introduced. The results of an analysis 
are presented below: 





Oligol (25-mer) 


Oligo2 (70-mer) 


Clones with both sites changed 


9 


7 


Clones with a single site changed 


0 


2 


Clones that were not changed 


4 


1 



Nuclease sensiMy of unmodified DNA oligonucieoVde. Electrophoretic analysis of 
nucleic acid recovered from the cell-free extract reactions conducted here confirm that the unmodified 
single-stranded 25-mer did not survive incubation whereas greater than 90% of the terminally modified 
oligos did survive (as judged by photo-image analyses of agarose gels). 

Plant extracts direct repair The modified single-stranded constructs can be tested In 
plant cell exfa-acts. We have observed gene alteration using extracts firom multiple plant sources, 
including, for example, Arabidopsis, tobacco, banana, maize, soybean, canola, wheat spinach as well as 
spinach chloroplast extract or extracts made from other plant cells disclosed herein. We prepare the 
extracts by grinding plant tissue or cultured cells under liquid nitrogen with a mortar and pestie. We 
extract 3 ml of the ground plant tissue with 1.5 ml of extraction buffer (20 mM HEPES, pH7.5; 5 mM KCI; 
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1 .5 mM MqQi 1 0 mM DTT; and 1 0% [v/v] glycerol). Some plant cell-free extracts also include about 1 % 
(w/v) PVP. We then homogenize the samples witti 15 strokes of a Dounce homogenizer. Following 
homogenization, we incubate the samples on ice for 1 hour and centrifuge at 3000 x g for 5 minutes to 
remove plant cell debris. We then determine the protein concentration in the supernatants (extracts) by 
5 Bradford assay. We dispense 1 00 \iQ (protein) allquots of the extracts which we freeze in a dry tce- 
ethanol bath and store at -80'C. 

We describe experiments using two sources here: a dicot (canola) and a monocot 
(banana, Musa acuminata cv. Rasthali). Each vector directs gene repair of the kanamycin mutation 
(Table 4); however, the level of correction is elevated 2-3 fold relative to the frBquency observed with the 
1 0 chimeric oligonucleotide. These results are similar to fliose observed in the mammalian system wherein 
a significant improvement in gene repair occun^ed when modified single-stranded molecules were used. 

Tables are attached hereto. 
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Table I 



Gene rqwir aOivity b directed by single-strmuled laigonudeotides. 



Oligonucleotide 



I 
I 

n 
n 
m 
m 

IV 

rf 

V 
V 
VI 
VI 

vn 
vn 
vm 
vin 

DC 
DC 
X 
X 
XI 
XI 

xn 
xn 
xm 
xm 

I 



piC''in4Q21 



Extract fag^ W colonies 



10 


300 




20 




1 n«» 
l.OX 


Iv 






'iti 




I.78x 


1A 
lU 








s 


O.Olx 


in 
lU 


1 f o 

112 






96 


0.22X 


m 
10 


217 




20 


342 


0.81x 


1 A 
10 


6 




20 


39 


0.093X 


10 


0 




20 


0 


Ox 


10 


3 




20 


S 


0.01X 


10 


936 




20 


129S 


3.09X 


10 


1140 




20 


1588 


3.7x 


10 


480 




20 


681 


1.6x 


10 


18 




20 


25 


0.0S9X 


10 


0 




20 


4 


0.009X 


20 


0 






0 





Fold increage 



PlasiiiidpK*m4021 (l)igX the indicated oligonucleotide (l.S chimeric oligonucleotide 
or 0.5S |ig single-stranded oligonucleotide; molar ratio of oligo to plasmid of 360 to 1) 
and either 1 0 or 20 pg of HUH7 ceU-fiee extract were incubated 45 min at 37%!. Isolated 
plasmid DNA was electroporated into £. coli (strain DHIOB) and the number of kan' 
colonies counted The data represent the number of kanamycin resistant colonies per 10^ 
anqpicillin resistant colonies generated from the same reaction and is die average of three 
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ej^eriments (standard devktioii usually less than +/- 15%). Fold increase is defined 
relative to 418 kan' colonies (second reaction) and in all reactions was calculated using . 
the 20^g sample. 
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Table U 



Modeled sUiglestnuuled oUgomen are not iqteiutait on MSH2 or MSHSfor optimal 

gene repair aetMty. 



A. OMgoniicleotide Plasmid 



Extract 



Wcolonies 



IX(3S/25G) 

X (6S/25G) 

DC 

X 

DC 

X 

DC 

X 



HUH7 

HUH7 

MEF2* 

MEF2'^ 

MEF3''- 

MEF3-'- 

MEF*^ 
MEF2* 
MEF3''- 
MEF*^ 



637 

836 

781 

676 

S82 

530 

332 

497 

10 

5 

14 



Chimoic oligonucleotide (1.5 ^g) or modified single-stranded oligonucleotide (0.55 ^g) 
was incwbatgd widi Ifig of plasmid pIC*m4021 and 20^ of the indicated extracts. MEF 
lepresoits mouse embryonic fibroblasts with eitber MSH2 (2^ or M SID (3*^ deleted. 
MEF^ indicates wild-type mouse embryonic fibroblasts. The odier reaction conqMnents 
were dien added and processed tiuou^ die bacterial readout system. The data rqnesent the 
number of kanamydn resistant colonies per 10^ ampicillin resistant colonies. 
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Table in 

Frameshlft mutation repair is direoed by single-stranded oligonucleotides 



Oligonucleotide 



Plasmid 



Tet K (3S/25A; 0.5 ^g) pVAZQi (lug) 



TetIX(0.5Mg) 
TetIX(l.S^g) 
TetIX(2.0)ig) 
TetI(cliiinera;l.S|ig) 



JsiBSl tefcolonieg 

- 0 
20pg 0 
48 
130 
68 
48 



Eadi leacdoa mixhne contained the indicaled amounts of plasmid and oligonucleotide. 
The extract used for these experiments came fiomHUH? cells. The data represent the 
number irf'tetiacycliiie resistant colonfes per lO' ampicillin resistant colniies generated 
fipom the same reaction and is the average of 3 indepen d mteageriments. Tetlisa 
chimeric oligonucleotide and Tet K is a modified single-stranded oligonucleotide that 
are designed to insert a T residue at position 208 of pT*^08. Tliese olignnicleotides are 
equivalent to strucnires I and DC in Figure 2. 
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Table IV 

Plant ceU-Jrecextrads support gene rquUr by single-stranded olifftnudeotides 



Oligonucleotide Plasmid 



II (chimera) 
IX(3S/25G) 
X(6S/2SG) 

n 

DC 
X 



DC 
X 



pK^m4021 



Extract 


kan' colonies 


30|tg Canola 


337 


Canola 


763 


Canola 


882 


Musa 


203 


Mtisa 


343 


Musa 


746 


Canola 


0 


Mvsa 


0 


• Canola 


0 


- Musa 


0 



Canola or Musa cell-fiee extracts were tested for gene ttpdir activity on the kanamycin- 
sensitive gene as previously described in (18). Caiimeric oligonucleotide n (1 J jig) and 
modified single*stranded oligonucleotides DC and X (O.SS}&g) were used to correct 
pK^ib4021. Total number of kan' colonies are present per 10^ ampicillin resistant 
colonies and represent an average of four indq>endent experiments. 
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EXAMPLE2 
Yeast Cell Targeting Assay Method for Base 
Alteration and Preferred Oligonucleotide Selection 

In this.example, single-stranded oligonucleotides with nnodified backbones and double- 

5 hairpin oligonucleotides with chimeric, RNA-DNA backbones are used to measure gene repair using two 
episomal targets with a fusion between a hygromycin resistance gene and eGFP as a target for gene 
repair. These plasmids are pAURHYG(rep)GFP, which contains a point mutation in the hygromycin 
resistance gene (Figure 7), pAURHYG(ins)GFP, which contains a single-base insertion in the hygromycin 
resistance gene (Figure 7) and pAURHYG(A)GFP which has a single base deletion. We also use the 

1 0 plasmid containing a wild-type copy of the hygromycin-eGFP fusion gene, designated 

pAURHYG(wt)GFP, as a control. These plasmids also contain an aureobasidinA resistance gene. In 
pAURHYG(rep)GFP, hygromycin resistance gene function and green fluorescence from the eGFP protein 
are restored when a G at position 137, at codon 46 of the hygromycin B coding sequence, is converted to 
a C thus removing a premature stop codon in the hygromycin resistance gene coding region. In 

1 5 pAURHYG(ins)GFP, hygromycin resistance gene function and green fluorescence fi-om tiie eGFP protein 
are restored when an A inserted between nucleotide positions 136 and 137, at codon 46 of the 
hygromycin B coding sequence, is deleted and a C is substituted for the T at position 137, thus correcting 
a frameshift mutation and restoring the reading frame of the hygromycin-eGFP fusion gene. 

We synthesize the set of three yeast expression constructs pAURHYG(rep)eGFP, 

20 pAURHYG(A)eGFP, pAURHYG(ins)eGFP, that contain a point mutation at nucleotide 1 37 of the 

hygromycin-B coding sequence as follows, (rep) indicates a T1 37-»G replacement, (A) represents a 
deletion of the G137 and (ins) represents an A insertion between nucleotides 136 and 137. We consti-uct 
tills set of plasmids by excising flie respective expression cassettes by restiiction digest from 
pHyg(x)EGFP and ligation into pAURI 23 (Panvera, CA). We digest 1 0 |jg pAURI 23 vector DNA, as well 

25 as, 10 Mg of each pHyg(x)EGFP consb-uctwith Kpnl and Sail (NEB). VVe gel purify each of the DNA 

fragments and prepare them for enzymatic ligation. We ligate each mutated insert into pHygEGFP vector 
at 3:1 molar ratio using T4 DNA ligase (Roche). We screen, clones by restiiction digest confirm by 
Sanger dideoxy chain termination sequencing and purity using a Qiagen maxiprep kit 

We use this system to assay tiie ability of five oligonucleotides (shown in Figure 8) to 

30 support correction under a variety of conditions. The oligonucleotides which direct correction of tiie 

mutation in pAURHYG(rep)GFP can also direct correction of the mutation in pAURHYG(ins)GFP. Three 
of the four oligonucleotides (HygE3T/25, HygE3T/74 and HygGG/Rev) share ttie same 25-base sequence 
surrounding the base targeted for alteration. HygGG/Rev is an RNA-DNA chimeric double hairpin 
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oligonucleotide of the type described in the prior art. One of these oligonucleotides, HygE3T/74, is a 74- 
base oligonucleotide with the 25-base-sequence centrally positioned. The fourth oligonucleotide, 
designated HygE3T/74a, is the reverse complement of HygE3T/74. The fifth oligonucleotide, designated 
Kan70T, is a non-specific, control oligonucleotide which is not complementary to the target sequence. 
5 Alternatively, an oligonucleotide of identical sequence but lacking a mismatch to the target or a completely 
thioate modified oligonucleotide or a completely 2-0-methylated modified oligonucleofa'de may be used as 
a control. Alternatively, oligonucleotides containing one, two, three, four, five, six, eight, ten or more LNA 
modifications on at least one of the two termini (and preferrably the 3' terminus) may be used in different 
embodiments. 

1 0 Oligonucleotide synthesis and cells. We synthesized and purified the chimeric, double- 

hairpin oligonucleotides and single-stranded oligonucleotides (including those with the indicated 
modifications) as described in Example 1 . Plasmids used for assay were maintained stably in yeast 
(Saccharomyces cerevisiae) strain LSY678 MATaai low copy number under aureobasidin selection. 
Plasmids and oligonucleotides are introduced into yeast cells by electroporation as follows: to prepare 

1 5 electrocompetent yeast cells, we inoculate 1 0 ml of YPD media from a single colony and grow the 
cultures overnight with shaking at 300 rpm at 30''C. We then add 30 ml of fresh YPD media to the 
overnight cultures and continue shaking at 30''C until the ODqoo was between 0.5 and 1 .0 (3-5 hours). We 
then wash the cells by centrifuging at 4**C at 3000 rpm for 5 minutes and twice resuspending the cells in 
25 ml ice-cold distilled water. We then centnYuge at 4''C at 3000 rpm for 5 minutes and resuspend in 1 ml 

20 ice-cold 1 M sorbitol and then finally centrifuge the cells at 4T at 5000 rpm for 5 minutes and resuspend 
the cells in 120 pi 1M sorbitol. To transform electrocompetent cells with plasmids or oligonucleotides, we 
mix 40 |jl of cells with 5 |jg of nucleic acid, unless otherwise stated, and incubate on ice for 5 minutes. 
We then transfer the mixture to a 0.2 cm electroporation cuvette and electroporate with a BIO-RAD Gene 
Pulser apparatus at 1 .5 kV, 25 |jF, 200 Q for one five-second pulse. We then immediately resuspend the 

25 cells in 1 ml YPD supplemented with 1M sorbitol and incubate the cultures at 30**C with shaking at 300 
rpm for 6 hours. We then spread 200 |j1 of this culture on selective plates containing 300 |jg/ml 
hygromycin and spread 200 pi of a 10^ dilution of this culture on selective plates containing 500 ng/ml 
aureobasidinA and/or and incubate at 30X for 3 days to allow individual yeast colonies to grow. We then 
count the colonies on the plates and calculate the gene conversion efficiency by determining the number 

30 of hygromycin resistance colonies per 1 0^ aureobasidinA resistant colonies. 

Frameshift mutations are repaired in yeast cells. We test the ability of the 
oligonucleotides shown in Figure 8 to correct a frameshift mutation in vivo using LSY678 yeast cells 
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containing the plasmid pAURHYG(ins)GFP. These experiments, presented in Table 6, indicate that these 
oligonucleotides can support gene correction in yeast cells. These data reinforce the results described in 
Example 1 indicating that oligonucleotides comprising phosphorothioate linkages facilitate gene correction 
much more efficiently than control duplex, chimeric RNA-DNA oligonucleotides. This gene coaection 

5 activity is also specific as transformation of cells with the control oligonucleotide KanTOT produced no 

hygromycin resistant colonies above background and thus Kan70T did not support gene correction in this 
system. In addition, we observe that the 74-base oligonucleotide (HygE3T/74) corrects the mutation in 
pAURHYG(ins)GFP approximately five-fold more efficientiy than the 25-base oligonucleotide 
(HygE3T/25). We also perform confrol experiments with LSY678 yeast cells containing the plasmid 

1 0 pAURHYG(wt)GFP. With this strain we observed ttiat even witiiout added oligonucleotides, there are too 
many hygromycin resistant colonies to count 

We also use additional oligonucleotides to assay the ability of individual oligonucleotides 
to correct multiple mutations in the pAURHYG(x)eGFP plasmid. These include, for example, one that 
alters two basepairs that are 3 nucleotides apart is a 74-mer with the sequence 5 - 

15 CTCGTGCTTTCAGCTTCGATGTAGGAGGGCGTGGGTACGTCCTGCGGGTAAATAGCTGCGCCGATG 
GTTTCTAC-3'; a 74-mer that alters two basepairs that are 1 5 nucleotides apart with the sequence 5 - 
CTCGTGCTnCAGCTTCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAACAGCTGCGCCGATG 
GTTTCTAC-3'; and a 74-mer that alters two basepairs ttiat are 27 nucleotides apart with the sequence 5*- 
CTCGTGCTTTCAGCrrCGATGTAGGAGGGCGTGGATACGTCCTGCGGGTAAATAGCTGCGCCGACG 

20 GTTTCTAC. The nucleotides in these oligonucleotides that direct alteration of the target sequence are 
underlined and in boldface. These oligonucleotides are modified in the same ways as the other 
oligonucleotides of the invention. 

Oligonucleotides targeting the sense strand direct gene connection more eWiciently, We 
compare the ability of single-stranded oligonucleotides to target each of the two strands of ttie target 

25 sequence of botti pAURHYG(ins)GFP and pAURHYG(rep)GFP. These experiments, presented in Tables 
7 and 8, indicate that an oligonucleotide, HygE3T/74a, witii sequence complementary to the sense 
sti-and (i,e. the strand of the target sequence that is identical to the mRNA) of the target sequence 
facilitates gene correction approximately ten-fold more efficientiy than an oligonucleotide, HygE3T/74, 
with sequence complementary to the non-ti'anscribed sti-and which serves as the template for the 

30 • syntiiesis of RNA. As indicated in Table 7, this effect was observed over a range of oligonucleotide 

concentrations from 0-3.6 |jg, although we did observe some variability in the difference between the two 
oligonucleotides (indicated in Table 7 as a fold difference between HygE3T/74a and HygE3T/74). 



wo 01/92512 



-38- 



PCT/USOl/17672 



Furthermore, as shown in Table 8, we observe increased efficiency of correction by HygE3T/74a relative 
to HygE3T/74 regardless of whether the oligonucleotides were used to correct the base substitution 
mutation in pAURHYG(rep)GFP or the insertion mutation in pAURHYG(ins)GFP. The data presented in 
Table 8 further indicate that the single-stranded oligonucleotides con-ect a base substitution mutation 
more efficiently than an Insertion mutation. However, this last effect was much less pronounced and the 
oligonucleotides of the invention are clearly able efficiently to correct both types of mutations in yeast 
cells. In addition, the role of transcription is investigated using plasmids with inducible promoters such as 
that described in Figure 10. 

OptimizaVon ofoligonucleoSde concentraiion. To determine the optimal concentration of 
oligonucleotide for the purpose of gene alteration, we test the ability of increasing concentrations of 
Hyg3T/74a to correctthe mutation in pAURHYG(rep)GFP contained in yeast LSY678. We chose this 
assay system because our previous experiments indicated that it supports the highest level of correction. 
However, this same approach could be used to determine the optimal concentration of any given 
oligonucleotide. We test the ability of Hyg3T/74a to correct the mutation in pAURHYG(rep)GFP 
contained in yeast LSY678 over a range of oligonucleotide concentrations from 0-10.0 pg. As shown in 
Table 9, we observe that the con-ection efficiency initially increases with increasing oligonucleotide 
concentration, buttiien declines at the highest concentration tested. 

Tables are attached hereto. 
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Tables 

Correction of an insertion mutation in pAURHYG(ins)GFP by HygGG/Rev, HygE3T/25 and HygE3m4 



Oligonucleotide Tested 


Colonies on 
Hygromycin 


Colonies on 
Aureobasidin (/10*^ 


Correction 
Efficiency 


HygGG/Rev 


3 


157 


0.02 


HygE3T/25 


64 


147 


0.44 


HygE3T/74 


280 


174 


1.61 


Kan70T 


0 







Table 7 

An oligonucleotide targeting the sense strand of the target sequen<x coArecte more efficfenf/y. 



Amount of Oligonucleotide (pg) 


Colonies per hyg 


romycin plate 




HygE3T/74 


HygE3T/74a 


0 


0 


0 


0.6 


24 


128(8.4x)* 


1.2 


69 


140(7.5x)* 


2.4 


62 


167(3.8x)* 


3.6 


29 


367 (15x)* 



* The numbers in parentheses represent the fold increase in efficiency for targeting the non-transcribed 
strand as compared to the other strand of a DNA duplex that encodes a protein. 
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Tables 

Correction of a base substitution mutaHon is more efficient than convction of a frarne shift mu^ 



Oligonucleotide Tested (5 |jg) 


Plasmid tested (contained in LSY678) 




pAURHYG(ins)GFP 


pAURHYG(rep)GFP 


HygE3T/74 


72 


277 


HygE3T/74a 


1464 


2248 


Kan70T 


0 


0 



Table 9 

Optimization ofoligonudedide concenbaSon in elecbfoporated yeast c^s. 



Amount (Mg) 


Colonies on 
hygromycln 


Colonies on 
aureobasidin (yiO^) 


Correction efRciency 


0 


0 


67 


0 


1.0 


5 


64 


0.08 


2.5 


47 


30 


1.57 


5.0 


199 


33 


6.08 


7.5 


383 


39 


9.79 


10.0 


191 


33 


5.79 



Example 3 
CuKured Cell Manipulation 

Although disclosure in this example is directed to use of stem cells or human blood cells 
and microinjection, the microinjection procedures may also be used with cultured plant cells or protoplasts 
using any plant species, including those disclosed herein. Mononuclear cells are isolated from human 
umbilical cord blood of nonnal donors using Ficoll Hypaque (Pharmacia Biotech, Uppsala, Sweden) 
density centrifugation. CD34+ cells are immunomagnetically purified from mononuclear cells using either 
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the progenitor or Multisort Kits (Miltenyi Biotec, Auburn, CA). Lin"CD38" cells are purified from the 
mononuclear cells using negative selection with StemSep system according to the manufacturer's 
protocol (Stem Cell Technologies, Vancouver. CA). Cells used for microinjection are either freshly 
isolated or cryopreserved and cultured in Stem Medium (S Medium) for 2 to 5 days prior to microinjection. 

5 8 Medium contains Iscoves' Modified Dulbecco's Medium without phenol red (IMDM) with 1 00 pg/ml 
glutamine/penicillin/streptomycin, 50 mg/ml bovine serum albumin. 50 |jg/ml bovine pancreatic insulin, 1 
mg/ml human transferrin, and IMDM; Stem Cell Technologies), 40 [}Qlm\ low-density lipoprotein (LDL; 
Sigma, St Louis, MO), 50 mM HEPEs buffer and 50 \M 2-mercaptoethanol, 20 ng/ml each of 
thrombopoietin. flt-3 ligand, stem cell factor and human IL-6 (Pepro Tech Inc., Rocky Hill, NJ). After 

1 0 microinjection, cells are detached and transfen'ed in bulk into wells of 48 well plates for culturing. 

35 mm dishes are coated overnight at 4* C with 50 pg/ml Fibronectin (FN) fragment CH- 
296 (Retronectin; TaKaRa Biomedicals, Panvera, Madison, Wl) in phosphate buffered saline and washed 
with IMDM containing glutamine/penicillin/streptomycin. 300 to 2000 cells are added to cloning rings and 
attached to the plates for 45 minutes at 37' C prior to microinjection. After incubation, cloning rings are 

15 removed and 2 ml of S Medium are added to each dish for microinjection. Pulled injection needles with a 
range of 0.22 pm to 0.3 pm outer tip diameter are used. Cells are visualized with a microscope equipped 
with a temperature controlled stage setat 37^* C and injected using an electronically interfaced Eppendorf 
Micromanipulator and Transjector. Successfully injected cells are intact, alive and remain attached to the 
plate post injection. Molecules that are flpurescently labeled allow detennination of the amount of 

20 oligonucleotide delivered to the cells. 

For in vitro erythropoiesis from LinXDSB" cells, the procedure of Malik, 1 998 can be 
used. Cells are cultured in ME Medium for 4 days and then cultured in E Medium for 3 weeks. 
Erythropoiesis is evident by glycophorin A expression as well as the presence of red color representing 
the presence of hemoglobin in the cultured ceils. The injected cells are able to retain their proliferative 

25 capacity and the ability to generate myeloid and erythoid progeny. CD34+ cells can convert a normal A 
(P^) to sickle T (P®) mutation in the p-globin gene or can be altered using any of the oligonucleotides of 
the invention herein for correction or alteration of a normal gene to a mutant gene. Alternatively, stem 
cells can be isolated from blood of humans having genetic disease mutations and the oligonucleotides of 
the invention can be used to correct a defect or to modify genomes within those cells. 

30 Alternatively, non-stem cell populations of cultured cells can be manipulated using any 

method known to those of skill in the art including, for example, the use of polycations, cationic lipids, 
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liposomes, polyethylenimine (PEI), electroporation, biolistics, calcium phosphate precipitation, or any 
other method known in the art. 

Biolistic delivery of oligonucleotide Into plant cells may be accomplished according to the 
following method. One milliliter of packed cell volume of plant cell suspensions are subcultured onto 
plates containing solid medium [with Murashige and Skoog salts from Gibco/BRL, 500 mg/liter Mes, 1 
mg/liter thiamin, 100 mg/liter myo-inositol, 180 mg/liter KH2P04. 2.21 mg/liter 2,4-dichlorophenoxyacetic 
acid (2,4-D), and 30 g/liter sucrose (pH 5.7) and having 8 g/liter agar-agar from Sigma added belbre 
autoclaving]. By using a helium-driven particle gun such as that from BioRad and following manufacturers 
directions, oligonucleotides may be infroduced to cells after precipitation onto 1 micrometer or 
comparable gold microcarriers (Bio-Rad). To precipitate onto microcarriers, 35 microliters of a particle 
suspension (60 mg of microcarriers per ml of 1 00% ethanol) Is fransfen-ed to a 1 .5 ml microcentrifuge 
tube, which is agitated on a vortex mixer. Then 40 microliter of resuspended oligonucleotide (60 
ng/microliter water) is added; then 75 microliter of ice-cold 2.5 M CaCI2 is added; then 75 microliter of ice- 
cold 0.1 M spermidine is added. The tube is mixed vigorously or a vortex mixer for 10 min at room 
temperature. The particles are allowed to settle for 1 0 min and are centrifuged at 1 1 ,750 g for 30 sec. 
The supernatant is removed and the particles are resuspended in 50 microliter of 100% ethanol. An 
aliquot of 10 microliter of the resuspended particles are applied to each macro-projectile which is used to 
bombard each plate once at 900 psi (1 psi = 6.89 kPa) with a gap distance (distance from power source 
to macroprojectile) of 1 cm and a target distance (distance from microprojectile launch site to target 
material) of 10 cm. 

An alternative method of delivery can be used as follows. Cultured cells are suspended in liquid 
N6 medium and then plated on a VWR Scientific glass fiber filter. About 0.4 microgram of oligonucleotide 
are precipitated with 1 5 microliter of 2.5 mM CaCI2 and 5 microliter of 0.1 M spermidine onto 25 
microgram of 1.0 micrometer gold particles. Microprojectile bombardment is performed by using a Bio- 
Rad PDS-1000 He particle delivery system or comparable machine following manufacturers instructions. 
Alterations in oligonucleotide concentrations can be employed to detennine the optimum concentration of 
oligonucleotide according to the procedures described herein for any particular oligonucleotide of the 
invention. 

Alternafively, the oligonucleotide of the invention may be delivered to a plant cell by 
electroporation of a protoplast derived from a plant part The protoplasts may be fornied by enzymatic 
freatment of a plant part, particularly a leaf, according to techniques such as those in Gallois et al., 
Methods in Molecular Biology 55: 89-107 by Humana Press. Such conditions for electroporation use 
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about 3x10^ protoplasts in a total volume of about 0.3 ml with a concentration of oligonucleotide of 
between 0.6 to 4 microgram per ml. 

EXAMPLE 4 
Plant Cells 

The oligonucleotides of the invention can also be used to repair or direct a mutagenic 
event in plante and animal cells. Although little infomiation is available on plant mutations amongst 
natural cultivars. the oligonucleotides of the invention can be used to produce "knock out" mutations by 
modification of specific amino acid codons to produce stop codons (e.g., a CAA codon specifying Gin can 
be modified at a specific site to TAA; a AAG codon specifying Lys can be modified to UAG at a specific 
site; and a CGA codon for Arg can be modified to a UGA codon at a specific site). Such base pair 
changes will terminate the reading frame and produce a defective truncated protein, shortened at the site 
oftiie stop codon 

. Alternatively, frameshift additions or deletions can be directed into the genome at a specific sequence to 
interrupt ttie reading frame and produce a garbled downstream protein. Such stop or frameshift mutations 
can be introduced to determine the effect of knocking out the protein in either plant or animal cells. 

For introduction of a T-DNA, including the T-DNA in the plasmid of Figure 1 1 , into a plant 
cell, Agrobacterium tumefaciens is used. These techniques are routine standard techniques known in the 
art For example, one method follows. We transform A tumefaciens is transformed by electroporation 
(using a BioRad Gene Pulser""). Competent A tumefaciens is prepared using a method similar to that of 
preparing competent E. co// by suspending a freshly grown culture three times in ice-cold water and a 
final resuspension in 1 0% glycerol. Electroporation conditions are a 0.2 cm gap cuvette at a setting of 25 
MF, 200 Q and 2.5 kV. 

A tumefaciens containing a plasmid with a T-DNA is then used to introduce ttie T-DNA 
into a plant cell using routine standard techniques known in the art For example, we transform 
Arabidopsis by vacuum infiltration or by dipping flowers in an Agrobacterium solution containing a 
surfactant e.g. L-77. Seeds are then collected, grown and screened for presence of the T-DNA 
Alternatively, Agrobacterium can be used to transform callus tissue and ttie callus tissue can then be 
used to regenerate transformed plants. 

All publications and patent applications cited in this specification are herein incorporated . 
by reference as if each individual publication or patent application were specifically and individually 
indicated to be incorporated by reference. Alttiough the foregoing invention has been described in some 
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detail by way of illustration and example for purposes of clarity of understandiag, it will be readily apparent 
to those of ordinary skiirin the art in light of the teachings of-this invention that ce^ and 
modifications may be made thereto without departing from the spirit or scope of the appended claims. 

Notes on the tables presented below: 

Each of the following tables presents, for the specified gene, a plurality of mutations that 
are known to confer a relevant phenotype and, for each mutation, the oligonucleotides that can be used to 
correct the respective mutation site-specifically in the genome according to the present Invention. 

The left-most column identifies each alteration or mutation and the phenotype that the 
alteration/mutation confers. 

For most entries, the mutation/alteration is identified at both the nucleic acid and protein 
level. At the amino acid level, mutations are presented according to the following standard nomenclature. 
The centered number identifies the position of the mutated codon in the protein sequence; to the left of the 
number is the wild type residue and to the right of the number is the mutant codon. Terminator codons 
are shown as TERM". At the nucleic acid level, the entire triplet of the wild type and mutated codons is 
shown. 

The middle column presents, for each mutation, four oligonucleotides capable of 
repairing the mutation site-specifically in the genome or in cloned DNA including DNA in artificial 
chromosomes, episomes, plasmids, or other types of vectors. The oligonucleotides of the invention, 
however, may include any of the oligonucleotides sharing portions of the sequence of the 121 base 
sequence. Thus, oligonucleotides of the invention for each of the depicted targets may be 18, 19, 20 up 
to about 121 nucleotides in length. Sequence may be added non-symmetrically. 

All oligonucleotides are presented, per convention, in the 5' to 3' orientation. The 
nucleotide that effects the change in the genome is underlined and presented in bold. 

The first of the four oligonucleotides for each mutation is a 1 21 nt oligonucleotide 
centered about the repair/altering nucleotide. The second oligonucleotide, its reverse complement 
targets the opposite strand of the DNA duplex for repair/alteration. The third oligonucleotide is the 
minimal 17 nt domain of the first oligonucleotide, also centered about the repair/alteration nucleotide. The 
fourth oligonucleotide is the reverse complement of the third, and thus represents the minimal 17 nt 
domain of the second. 

The third column of each table presents the SEQ ID NO: of the respective repair 

oligonucleotide. 
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Example 5 
Engineering herbicide resistant plants 

Chemical weed control is an important tool of modern agriculture and many herbicides have 
been developed for this purpose. Their use has resulted in substantial increases in the yields of many 
crops, including, for example, maize, soybeans, and cotton. Thus while the use of fertilizers and new 
high-yielding crop varieties have contributed greatly to the "green revolution," chemical weed control has 
also been at the forefront of technological achievement 

Herbicides having broad-spectrum activity are particularly useful because they obviate the 
need for multiple herbicides teirgeting different classes of weeds. The problem with such herbicides is that 
they typically also affect crops which are exposed to the herbicide. One way to overcome this is to generate 
plants which are resistant to one or more broad-spectrum herbicides. Such herbicide-tolerant plants may 
reduce the need for tillage to control weeds, thereby effectively reducing soil erosion and can reduce the . 
quantity and number of different herbicides applied in the field. 

Common herbicides used, for example, include those that inhibit the enzyme 
5-eno[pyruvyl-3-phosphoshikimic acid synthase (EPSPS), for example N-phosphonomethyl-glycine (e.g. 
glyphosate), those that inhibit acetolactate synthase (ALS) activity, for example the sulfonylureas and 
related herbicides, and those that inhibit dihydropteroate synthase, for example methyl[(4-amino- 
phenyl)sulfonyl]carbamate (e.g. Asulam). Herbicide-tolerant plants can be produced by several methods, 
including, for example, introducing Into the genome of the plant the ability to degrade the herbicide, the 
capacity to produce a higher level of the targeted enzyme, and/or expressing an herbicide-tolerant allele of 
the enzyme. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
used to generate site-specific mutations in plant genes that confer herbicide resistance. 
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TablelO 

Genome-Alterina Oliaos Conferring Glvphosate Resistance 



5 



111'., M^^j^^o^. ^ ^ 







Glyphosate Resistance 
EPSPS 

Arabidopsis thaliana 


AA(jub 1 OobAoATTGTAuTTLAACCCATTAbACaAAA rUTCCGGTC 

TTAnAAGCnCCTGCCTCCAAGTCTCTATCAAATCGGATCCTGC 

TTCTCGCTGGTCTGTCTGAGGTATATATCAC 


4341 


GGC-GCC 


/^X/^ AX AT AX A O/^X/^ A/^ A O A/^ A A /^O/^ A/^ A A A AX/^/^/^ A XX 

bTGATATATACCTCAGACAGAGCAGCGAGAAGCAGGATCCGATT 
TGATAGAGACTTGGAGGCAGGAAGCTTAATAAGACCGGAGATTT 
CTCTAATGGGTTGAAGTACAATCTCCGACGCTT 


4342 




GCnCCTGCCTCCAAGT 


4343 




ACTTGGAGGCAGGAAGC 


4344 


Glyphosate Resistance 
EPSPS 

Brassica napus 


AAGCTTCAGAGATTGTGCTTCAACCAATCAGAGAAATCTCGGGTC 
TCAnAAGCTACCCGCATCCAAATCTCTCTCCAATCGGATCCTCC 
nCTTGCCGCTCTATCTGAGGTACATATACT 


4345 


biyyoAia 
GGA-GCA 


A /^^l ' ATT AT^T A A ATA A /^/N/^*^^ A A A A A A T*/^/^/^ A 1 1 

AGTATATGTACCTCAGATAGAGCGGCAAGAAGGAGGATCCGATT 
GGAGAGAGATTTGGATGCGGGTAfiCTTAATGAGACCCGAGATTT 
CTCTGAnGGnGAAGCACAATCTCTGAAGCTT 


4346 




GCTACCCGCATCCAAAT 


4347 




ATTTGGATGCGGGTAGC 


4348 


Glyphosate Resistance 
EPSPS 1 

Nicotiana tabacum 


AGCCGAACGAGATTGTGCTGCAACCCATCAAAGATATATCAGGC 

ACTGnAAATTGCCTGCTTCTAAATCCCTTTCCAATCGTAnCTGC 

TTCnGCTGCCCnTCTAAGGGAAGGACTGT 


4349 


oiysoAia 
GGT-GCT 


A ^ A / * 1 ^^"1 "n^^^^^n A ^ AAA ^^^^ A A A ^ A A A ^ A A T A A '1 "I' 

ACAGTCCTrCCCTTAGAAAGGGCAGCAAGAAGGAGAATACGATT 

GGAAAGGGATTTAGAA6CAGGCAATTTAACARTGCCTGATATATC 

TTTGATGGGTTGCAGCACAATCTCGnGGGCT 


4350 




AnGCCTGCTTCTAAAT 


4351 




ATTTAGAAeCAGGCAAT 


4352 


Glyphosate Resistance 
EPSPS 2 

Nicotiana tabacum 


ATTGl 1 ICCTTGGTACGAAATGTCCTCGTGTTCGAATTGTCAGCA 
AGGGAGGCCnCCCGCAGGGAAGGTAAAGGTCTCTGGATCAAn 
AGCAGCCAGTACnGACTGCTCTGCnATGGC 


4353 


vjiyo^Aia 
GGA-GCA 


bOOATAAtiCAbAGCAGTCAAGTACTGGCTGCTAATTGATCCAGA 
GAGCTnACCTTCCCTGCGGGAAGGCCTCCCnGCTGACAATTC 
GAACAGGAGGACATTTCGTACCAAGGAAACAAT 


4354 




CCTTCCCGCAGGGAAGG 


4355 




CCTTCCCTfiCGGGAAGG 


4356 


Glyphosate Resistance 

EPSPS 

Zea mays 


ATTGTTTCCTrGGCACTGACTGCCCACCTGTTC(3r<3TCAATGGAA 
TCGGAGGGCTACCTGCTGGCAAGGTCAAGCTGTCTG6CTCCATC 
AGCAGTCAGTACTTGAGTGCCTTGCTGATGGC 


4357 


Gly168Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTAGTGACTGGTGATGGAGCCAGA 
CAGCTTGACCnGCCAfiCAGGTAGCCCTCCGATTCCATTGACAC 
GAACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4358 
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i^Sipj^ 




GCTACCTGCTGGCAAGG 


4359 




CCnGCCAGCAGGTAGC 


4360 


Glyphosate Resistance 

EPSPS 

Oryza sativa 


ACTGTTTCCnGGCACTGAATGCCCACCTGnCGTGTCAAGGGA 
ATTGGAGGACTTCCTGCTGGCAAGGTTAAGCTCTCTGGnCCAT 
CAGCAGTCAGTACTTGAGTGCCHGCTGATGGC 


4361 


Gly115Ala 
GGT-GCT 


GCCATCAGCAAGGCACTCAAGTACTGACTGCTGATGGAACCAGA 
GAGCnAACCTTGCCAGCAGGAAGTCCTCCAATTCCCTTGACAC 
GAACAGGTGGGCAnCAGTGCCAAGGAAACAGT 


4362 




ACTTCCTGCTGGCAAGG 


4363 




CCnGCCAfiCAGGAAGT 


4364 


Glyphosate Resistance 
EPSPS 

Petunia xhybrida 


AGCCnCTGAGATAGTGTTGCAACCCAnAAAGAGATrrCAGGCA 
CTGTTAAATTGCCTGCCTCTAAATCATTATCTAATAGAATTCTCCT 
TCHGCTGCCnATCTGAAGGAACAACTGT 


4365 


Gly93Ala 
GGC-GCC 


ACAGTTGTTCCnCAGATAAGGCAGCAAGAAGGAGAATTCTATTA 
GATAATGATITAGAGGCAGGCAAnTAACAGTGCCTGAAATCTCT 
TTAATGGGTTGCAACACTATCTCAGAAGGCT 


4366 




ATTGCCTGCCTCTAAAT 


4367 




ATTTAGAGGCAGGCAAT 


4368 


Glyphosate Resistance 

EPSPS 

Lycopers/cof) 


AACCCCATGAGATTGTGCTAGNACCCATCAAAGATATATCTGGTA 
CTGTTAAATTACCCGCTTCGAAATCCCTrrCCAATCGTATTCTCCT 
TCTTGCTGCCCTTTCTGAGGGAAGGACTGT 


4369 


esculentum 

Gly97Ala 

GGT-GCT 


ACAGTCCTTCCCTCAGAAAGGGCAGCAAGAAGGAGAATACGAn 
GGAAAGGGATTTCGAAGCGGGTAATTTAACAGrrACCAGATATATC 
TTTGATGGGTNCTAGCACAATCTCATGGGGTT 


4370 




ATTACCCGCTTCGAAAT 


4371 




ATTTCGAAfiCGGGTAAT 


4372 


Glyphosate Resistance 
EPSPS 

Lolium rigidum 


ATTGTTTCCTTGGCACTGACTGCCCACCTGTTCGKATCAACGGCA 

TTGGAGGGCTACCTGCTGGCAAGGnAAGCTGTCTGGTTCCATC 

AGCAGCCAATACTTGAGnCCTTGCTGATGGC 


4373 


Gly107Ala 
GGT-GCT 


GCCATCAGCAAGGAACTCAAGTAnGGCTGCTGATGGAACCAGA 
CAGCnAACCTTGCCAGCAGGTAGCCCTCCAATGCCGnGATCG 
AACAGGTGGGCAGTCAGTGCCAAGGAAACAAT 


4374 




GCTACCTGCTGGCAAGG 


4375 




CCTTGCCAfiCAGGTAGC 


4376 
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Table 11 

Genome-Altering Oligos Conferring Imidazolinone and Sulfonylurea Herbicide Resistance 



rp||^^^ Targeted 


'Aftertng 01(30'$ ; ; ' 


SEQIP 

Wk . 


Sulfonylurea 

Resistance 

ALS 


AGCGGATTAGCCGATGCGnGnAGATAGTGTTCCTCTTGTAGCA 
ATCACAGGACAAGTCTCTCGTCGTATGAnGGTACAGATGCGITT 
CAAGAGACTCCGATTGnGAGGTAACGCGn 


4377 


Arabidopsis thaliana 
Pro197Ser 

LrLf 1 - 1 Lr 1 


AACGCGnACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGAGAGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATGCGCT 


4378 




GACAAGTQICTCGTCGT 


4379 




ACGACGAGAGACTTGTC 


4380 


Sulfonylurea 

Resistance 

ALS 


AGCGGATTAGCCGAtGCGTTGTtAGATAGtGtTCCTCTtGTAGCA 
ATCACAGGACAAGTCCAGCGTCGTATGAnGGTACAGATGCGTlT 
CAAGAGACTCCGAnGnGAGGTAACGCGn 


4381 


Arabidopsis tliaHana 

Pro197Gln 

LrUl-UACa 


AACGCGTTACCTCAACAATCGGAGTCTCTTGAAACGCATCTGTAC 
CAATCATACGACGeiGGACTTGTCCTGTGATTGCTACAAGAGGAA 
CACTATCTAACAACGCATCGGCTAATCCGCT 


4382 




ACAAGTCCAGCGTCGTC 






TAGGACGCIGGACTTGT 


4384 


Sulfonylurea 

Resistance 

ALS 


AGCGGAnAGCCGATGCGTTGnAGATAGTGTTCCTCnGTAGCA 
ATCACAGGACAAGTCCAACGTCGTATGATTGGTACAGATGCGTTT 
CAAGAGACTCCGATTGnGAGGTAACGCGn 


4385 


Arabidopsis thaliana 
Pro197Gln 


AACGCGTTACCTCAACAATCGGAGTCTCHGAAACGCATCTGTAC 
CAATCATACGACGTIGGACTTGTCCTGTGATTGCTACAAGAGGAA 

^A^TAT/^TTA A A A A "T/^/^/^/^T A A T /^T" 

CACTATCTAACAACGCATCGGCTAATCCGCT 


4386 




ACAAGTCCAACGTCGTA 


4387 




TACGACGITGGACnGT 


4388 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGnGGATGTGATnGTCCGCACCAAGAACATGTGT 

TGCCGATGATCCCGAAGGGTGGCACTTTCAACGATGTCATAACGG 

AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4389 


Arabidopsis thaliana 

Ser653Asn 

AGT-AAC 


ATCTCTCAGTATTTAATCCGGCCATCTCCnCCGTTATGACATCGT 
TGAAAGTGCCACCGTTCGGGATCATCGGCAACACATGTTGTTGGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4390 




GATCCCGAACGGTGGCA 


4391 




TGCCACCGTTCGGGATC 


4392 
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Imidazolinone 

Kesisiancc 

ALS 


GACCTtACCTGTtGGAtGtGAlTTGtCCGCACCAAGAACATGTGT 
AAGGAGATGGCCGGATTAAATACTGAGAGAT 


4393 


/^bidopsis thaliana 

oerDouAsn 

AGT-AAT 


ATCTCTCAGTATrTAATCCGGCCATCTCCTTCCGTTATGACATCGT 
GCGGACAAATCACATCCAACAGGTAAGGTC 


4394 




GATCCCGAAIGGTGGCA 


4395 




TGCCACCAFCGGGATC 


4396 


Sulfonylurea 

r\eSlSlariC6 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CnCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4397 


Oryza sativa 
no 1 noer 
CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4398, 




GCCAGGTCTCCCGCCGC 


4399 




GCGGCGGGAGACCTGGC 


4400 


Sulfonylurea 

Kesistance 

ALS 


CCGCGCTCGCCGACGCGCTGCtCGACTCCGTCCCGATGGTCGC 
nCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4401 


Oryza sativa 

rrouioin 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
bL>0uA1 LA 1 CsOuuUol 1 uoAL>L> 1 V3uL>L>L>u 1 LiA 1 ouUoALioA 1 L>b 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4402 




CCAGGTCCAACGCCGCA 


4403 




TGCGGCGIIGGACCTGG 


4404 


Sulfonylurea 

nesisiance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
nCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4405 


Oiyza sativa 
rroi nvjin 
CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

PPPPATPATPPPPPPPTPPAPPTPPPPPriTPAT^r^PfiAPPATP 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4406 




CCAGGTCCAGCGCCGCA 


4407 




TGCGGCGCIGGACCTGG 


4408 


Imidazolinone 

Resistance 

ALS 


GGCCATACTtGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCGTATGATCCCAAATGGGGGCGCAnCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTAATCTAT 


4409 


Otyza sativa 

lle627Asn 

AH-AAT 


ATAGAnAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4410 




GATCCCAAATGGGGGCG 


4411 
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1 i fi&iptiff^^m4(''' 
Alterattoa 




SEaiD 




CGCCCCCAITTGGGATC 


4412 


Sulfonylurea 

Kesistance 

ALS 


TCCGC6CTCGCC(3ACGCGCTGCTCGaTTCCGTCCCCATGGTC6C 

OA 1 L-AUbobAUAbu 1 b 1 UbObAbbOA 1 bA 1 1 bbUAuOuAUVsOl/ 1 

TCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4413 


Zea mays 

rroibober 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGG 

GGACGGAATCGAGCAGCGCGTCGGCGAGCGCGGA 


4414 




GACAGGTGTCGCGACGC 


4415 




gcgtcgcgacacctgtc 


4416 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGAnCCGTCCCCATGGTCGCC 
A 1 uALGGGACAGGTGCAGCGACGCATGATTGGCACCGACGCCTT 
CCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4417 


lea mays 

ProlDoGIn 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCGG 
TGCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATG 
GGGACGGAATCGAGCAGCGCGTCGGCGAGCGCGG 


4418 




ACAGGTGCAGCGACGCA 


4419 




TGCGTCGCIGCACCTGT 


4420 


Imidazolinone 
Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTCCCACACCAGGAGCATGTGT 

T/^r^r^TAX^ AX^/^r^T" A A X/^/^X/^/^/^OOXXX/^ A a AX ATO AT/^^T/^/^ 

TbOOTATGATCCCTAATGGTGGGGCl 1 1 CAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4421 


Zea mays 

SeroZlAsn 

AGT-AAT 


nAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCATTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGAnATATCCAAGAGGTACGGCC 


4422 




GATCCCTAAIGGTGGGG 


4423 




CCCCACCATTAGGGATC 


4424 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCnGGATATAATCGTCCCACACCAGGAGCATGTGT 
TGCCTATGATCCCTAACGGTGGGGCTTTCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTACTGATCTAA 


4426 


Zea mays 

bero/iAsn 

AGT-AAC 


TTAGATCAGTACACAGTCCTGCCATCACCATCCAGGATCATATCCT 
TGAAAGCCCCACCGTTAGGGATCATAGGCAACACATGCTCCTGGT 
GTGGGACGAnATATCCAAGAGGTACGGCC 


4426 




GATCCCTAACGGTGGGG 


4427 




CCCCACCGTTAGGGATC 


4428 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGC 
CATCACGGGGCAGGTCTCGCGCCGCATGATCGGCACGGACGCC 
nCCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4429 


Loiium muMomm 

Pro167Ser 

CCG-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCGT 
GCCGATCATGCGGCGCGAGACCTGCCCCGTGATGGCCACCATG 
GGGATGGAGTCGAGGAGGGCGTCGGCGAGCGCGGA 


4430 
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GGCAGGTCTCGCGCCGC 


4431 




GCGGCGCGAGACCTGCC 


4432 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCCCTCCTCGACTCCATCCCCATGGTGGCC 

ATCACGGGGCAGGTCCAGCGCCGCATbATCCjvsOAOfaijAObOOl 

TCCAGGAGACGCCCATCGTCGAGGTCACCCGCTC 


4433 


Lo//um mulliflorum 

Pro167Gln 

CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGGAAGGCGTCCG 

TGCCGATCATGCGGCGCIGGAGCTGCCCCGTGATGGCCACCATG 

GGGATGGAGTCGAGGAGG6CGTCGGCGAGCGCGG 


4434 




GCAGGTCCAGCGCCGCA 


4435 




TGCGGCGCTCGACCTGC 


4436 


Infiidazolinone 

Resistance 

ALS 


CtGGGCCATACTTGnGGATATCATCGTCCCTCACCAGGAGCATG 
TGCTGCCTATGATCCCTAACGGTGGTGCnrCAAGGACATTATCA 
TGGAAGGTGATGGCAGGATTTCGTAnAAAC 


4437 


Lolium multiflorum 

Ser623Asn 

AGC-AAC 


GTTTAATACGAAATCCTGCCATCACCTTCCATGATAATGTCCTTGA 
AAGCACCACCGTTAGGGATCATAGGCAGCACATGCTCCTGGTGA 
GGGACGATGATATCCAACAAGTATGGCCCAG 


4438 




GATCCCTAACGGTGGTG 


4439 




CACCACCGITAGGGATC 


4440 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCTCTCCTCGACTCCATCCCCATGGTCGC 

CATCACGGGCCAGGTCTCACGCCGCATGATCGGCACGGACGCGT 

TCCAGGAGACGCCCATAGTGGAGGTCACGCGCT 


4441 


Hordeum vulgare 

Pro68Ser 

CCA-TCA 


AGCGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGTG 

CCGATCATGCGGCGTGAGACGTGGCCCGTGATGGCGACGATGG 

GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGGA 


4442 




GCCAGGTCICACGCCGC 


4443 




GCGGCGTGAGACCTGGC 


4444 


Sulfonylurea 

Resistance 

ALS 


GCGCGCtCGCCGACGCTCTCGTCGACTCCATCCCCATGGTCGCC 
ATCACGGGCCAGGTCCAACGCCGCATGATCGGCACGGACGCGTT 
CCAGGAGACGCCCATAGTGGAGGTCACGCGCTC 


4445 


Hordeum vulgare 

Pro68Gln 

CCA-CAA 


GA6CGCGTGACCTCCACTATGGGCGTCTCCTGGAACGCGTCCGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATGG 
GGATGGAGTCGAGGAGAGCGTCGGCGAGCGCGG 


4446 




CCAGGTCCAACGCCGCA 


4447 




TGCGGCGTEGGACCTGG 


4448 
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^ _ V % ' \ > ^ / _,fs ^ 


. NO: 


Imidazolinone 

Resistance 

ALS 


CCCAGGGCCGTACGTGCTGGATATCATTGTCCCGCATCAGGAGC 

ACGTGCTGCCTATGATCCCAAACGGTGGTGCTTTCAAGGACATGA 

TCATGGAGGGTGATGGCAGGACCTCGTACTGA 


444d 


Hordeum vulgare 

Ser524Asn 

AGC-AAC 


TCAGTACGAGGTCCTGCCATGACCCTCCATGATCATGTCCnGAA 
AGCACCACCGTrTGGGATCATAGGCAGCACGTGCTCCTGATGCG 
GGACAATGATATCCAGCAGGTACGGCCCTGGG 


4450 




GATCCCAAACGGTGGTG 


4451 




CACCACCGTTrGGGATC 


4452 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGCTTTC 
CAGGAAACTCCAAnGnGAGGTAACAAGGT 


4453 


Gossypium hirsutum 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCAACAAnGGAGTrTCCTGGAAAGCATCGGrAC 

CGATCATCCGACGAGAGACTTGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCACT 


4454 




GTCAAGTCICTCGTCGG 


4455 




CCGACGAGAGACnGAC 


4456 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTGGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCAGTGGTCAAGTCCAAGGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4457 


Gossypium hirsutum 

ProlooGIn 

CCT-CAA 


GACCTTGnACCTCAACAAnGGAGTTTCGTGGAAAGCATCGGTA 
CCGATCATCCGACGTTGGACTTGACCAGTGATCGCGACGAGAGG 
GATACTATCGAGCAnGCATCAGCGAGACCAC 


4458 




TCAAGTCCAACGTCGGA 


4459 




TCCGACGTTGGACTTGA 


4460 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCcCTCTCGtdGCGA 
TCACTGGTCAAGTCGAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4461 


Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GACCTTGTTACCTCAACAATTGGAGnTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACTTGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCAnGCATCAGCGAGACCAC 


4462 




TCAAGTCCMCGTCGGA 


4463 




TCCGACGCTGGACnGA 


4464 


Imidazolinone 

Resistance 

ALS 


GACCTTACnGnGGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGCGCnTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATA1TGACCTCA 


4465 


Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


TGAGGTCAATAnGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCGCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4466 




GATCCCCAATGGAGGCG 


4467 
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CGCCTCCAFGGGGATC 


Am 


Sulfonylurea 

Resistance 

ALS 


tCTGGTCTtGCtGATGCACncnGACTCAGTCCCTCnGTCGCC 

AmCTGGGCAAGTTTCCCGGCGTATGATTGGTACTGATGCrnTC 

AAGAGACTCCAATTGnGAGGTAACTCGAT 


4469 


Amaranthus 

retroflexus 

Pro192Ser 


ATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

AATCATACGCCGGGAAACTTGCCCAGTAATGGCGACAAGAGGGA 

CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4470 


CCC-TCC 


GGCAAGTTICCCGGCGT 


4471 




ACGCCGGGAAACTTGCC 


4472 


Sulfonylurea 

Resistance 

ALS 


CtGGTCTtGCTGATGCACnCtTGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGTTCAACGGCGTATGATrGGTACTGATGCmTC 
AAGAGACTCCAAnGITGAGGTAACTCGATC 


4473 


Awaranthus 

retroflexus 

Pro192Gln 


GATCGAGTTACCTCAACAAnGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGTTGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4474 


CCC-CAA 


GCAAGnCAACGGCGTA 


4475 




TACGCCGTTGAACnGC 


4476 


Sulfonylurea 

Resistance 

ALS 


CTGGTGTTGCTGATGCACTTCnGACTCAGTCCCTCTTGTCGCCA 
TTACTGGGCAAGnCAGCGGCGTATGAnGGTAGTGATGCTnrC 
AAGAGACTCCAATrGTTGAGGTAACTCGATC 


4477 


Amaranthus 

retroflexus 

Pro192Gln 


GATCGAGTrACCTCAACAAnGGAGTCTCnGAAAAGCATCAGTAC 

CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 

ACTGAGTCAAGAAGTGCATCAGGAAGACCAG 


4478 


CCC-CAG 


GCAAGTTCAGCGGCGTA 


4479 




TACGCCGCIGAACTTGC 


4480 


Imidazolinone 

Resistance 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATGAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCTTCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4481 


Amarar)tfius 

retroflexus 

Ser652Asn 


ACCAACTAATAAGCCCnCnCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTrAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGATTAGATCCAGCAGATACGGTC 


4482 


AGC-AAC 


GATCCCTAACGGTGCCG 


4483 




CGGCACCGTTAGGGATC 


4484 
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I"? - 


Sulfonylurea 

Resistance 

ALS1 


AGCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCATTGnGC 

TATAACAGGTCAAGTGTCACGTAGGATGATAGGTACTGATGCTTTT 

CAGGAAACTCCTATTGnGAGGTAACTAGAT 


4485 


Nicoiiana tabacum 

Pro194Ser 

CCA-TCA 


ATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTACC 
TATCATCCTACGTGACACTTGACCTGnATAGCAACAATGGGGAC 
GCTATCCAGTAGCGCGTCAGCGAGGCCGCT 


4486 




GTCAAGTGICACGTAGG 


4487 




CCTACGTGACACTTGAC 


4488 


Sulfonylurea 

Resistance 

ALS1 


GCGGCCTCGCTGACGCGCTACTGGATAGCGTCCCCAnGTTGCT 
ATAACAGGTCAAGTGCAACGTAGGATGATAGGTACTGATGCTTTT 
CAGGAAACTCCTAnGTTGAGGTAACTAGATC 


4489 


Nicoiiana tabacum 

Pro194Gln 

CCA-CAA 


GATCTAGTTACCTCAACAATAGGAGTTTCCTGAAAAGCATCAGTAC 

CTATCATCCTACGTTGCACnGACCTGTTATAGCAACAATGGGGA 

CGCTATCCAGTAGCGCGTCAGCGAGGCCGC 


4490 




TCAAGTGCAACGTAGGA 


4491 




TCCTACGTIGCACTTGA 


.4492 


Imidazolinone 

Resistance 

ALS1 


GGCCATACnGnGGATGTGATTGTACCTCAICAGGAACAIGI 1 1 1 
ACCTATGATTCCCAATGGCGGAGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTAnGAGTTTG 


4493 


Nicoiiana tabacum 

Ser650Asn 

AGT-AAT 


CAAACTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCTT 

TGAAAGCTCCGCCATTGGGAATCATAGGTAAAACATGnCCTGAT 

GAGGTACAATCACATCCAACAAGTATGGCC 


4494 




GA1TCCCAATGGCGGAG 


4495 




CTCCGCCATTGGGAATC 


4496 


Sulfonylurea 

Resistance 

ALS2 


AGTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGnGC 
TATAACCGGTCAAGTGTCACGTAGGATGATCGGTACTGATGCI 1 1 1 
CAGGAAACTCCGATTGnGAGGTAACTAGAT 


4497 


Nicoiiana tabacum 

Pro191Ser 

CCA-TCA 


ATCTAGnACCTCAACAATCGGAGTTTCCTGAAAAGCATCAGTACC 
GATCATCCTACGTGACACTTGACCGGnATAGCAACAATGGGGAC 
GCTATCCAGTAGGGCGTCCGCGAGGCCACT • 


4498 




GTCAAGTGICACGTAGG 


4499 




CCTACGTGACACTTGAC 


4500 


Sulfonylurea 

Resistance 

ALS2 


GTGGCCTCGCGGACGCCCTACTGGATAGCGTCCCCATTGHGCT 
ATAAXGGTCAAGTGCAACGTAGGATGATCGGTACTGATGCTTiT 
CAGGAAACTCCGATTGHGAGGTAACTAGATC 


4501 


Nicotiana tabaaim 

Pro191Gln 

CCA-CAA 


GATCTAGnACCTCAACAATCGGAGTITCCTGAAAAGCATCAGTAC 
CGATCATCCTACGTTGCACTTGACCGGnATAGCAACAATGGGGA 
CGCTATCCAGTAGGGCGTCCGCGAGGCCAC 


4502 




TCAAGTGCAACGTAGGA 


4603 
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TCCTACGITGCACTTGA 


4504 


Imidazolinone 
Resistance 
ALS 2 


GGCCATACTTGTTGGATGTGATTGTACCTCATCAGGAACATGTTCT 
ACCTATGATTCCCAATGGCGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGACGGGAGAAGTTCCTAnGACnTG 


4505 


Nicofiana fadacu/n 

Ser647Asn 

AGT-AAT 


CAAAGTCAATAGGAACTTCTCCCGTCACCCTCTGTGATCACATCn 
TGAAAGCCCCGCCATTGGGAATCATAGGTAGAACATGTTCCTGAT 
GAGGTACAATCACATCCAACAAGTATGGCC 


4506 




GATTCCCAATGGCGGGG 


4507 




CCCCGCCATTGGGAATC 


4508 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCnGCTGATGCTTTATTAGACAGTGnCCAATGGnGCTA 
nACTGGTCAAGTTTCCAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTATTGTTGAGGTAACACGn 


4509 


Xanthium spp. 

Pro175Ser 

CCC-TCC 


AACGTGTTACCTCAACAATAGGGGITTCTTGAAACGCATCTGnCC 
AATCATTCTCCTGGAAACTTGACCAGTAATAGCAACCATTGGAACA 
CTGTCTAATAAAGCATCAGCAAGACCACT 


4510 




GTCAAGTITCCAGGAGA 


4511 




TCTCCTGGAAACnGAC 


4512 


Sulfonylurea 
Resistance 

ALS 


GTGGtCtrGCtGATOCtrrAltAGACAGTGTtCCMtGGTrGcTAT 
TACTGGTCAAGTTCAAAGGAGAATGATTGGAACAGATGCGnrCA 
AGAAACCCCTATTGTTGAGGTAACACG1TC 


4513 


Xanthium spp. 

Pro175Gln 

CCC-CAA 


GAACGTGnACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTTTGAACTTGACCAGrAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4514 




TCAAGHCAAAGGAGAA 


4515 




nCTCCTIIGAACnGA 


4516 


Sulfonylurea 

Resistance 

ALS 


GTGGTCnGCrGATGCTitATTAGACAGTGnCCAATGGTTGCTAT 
TACTGGTCAAGTTCAGAGGAGAATGATTGGAACAGATGCGTTTCA 
AGAAACCCCTAnGnGAGGTAACACGnC 


4517 


Xanthium spp. 

Pro175Gln 

CCC-CAG 


GAACGTGnACCTCAACAATAGGGGTTTCTTGAAACGCATCTGTTC 
CAATCATTCTCCTCIGAACTTGACCAGTAATAGCAACCATTGGAAC 
ACTGTCTAATAAAGCATCAGCAAGACCAC 


4518 




TCAAGTTCAGAGGAGAA 


4519 




TTCTCCTCTGAACTTGA 


4520 


Imidazolinone 

Resistance 

ALS 


G6GCCTTACTTGTTGGATGTGATCGTGCCCCATCAAGAACATGTG 
TTGCCCATGATCCCGAATGGTGGAGGTTTCATGGATGTGATCACC 
GAAGGCGACGGCAGAATGAAATATTGAGCn 


4521 


Xantiiium spp. 

Ala631Asn 

GCT-AAT 


AAGCTCAATATTTCATTCTGCCGTCGCCnCGGTGATCACATCCAT 
GAAACCTCCACCAnCGGGATCATGGGCAACACATGnCTTGATG 
GGGCACGATCACATCCAACAAGTAAGGCCC 


4522 
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TGATCCCGAATGGTGGA 


4523 




TCCACCAnCGGGATCA 


4524 


Sulfonylurea 

Resistance 

ALS 


TCCGGGlTTGCTGATGCTTTGCTCGAnCCGnCCACTGGTGGCG 
ATCACGGGGGAGGTGTCGCGGCGAATGATTGGGACGGATGCTTT 
TCAGGAGACTCCTATTGnGAGGTAACACGGT 


4525 


Bassia scoparia 

Pro189Ser 

CCG-TCG 


ACCGTGTTACCTCAAGAATAGGAGTCTCCTGAAAAGCATCCGTCC 
CAATCAnCGCCGCGACACCTGCCCCGTGATCGCCACCAGTGGA 
ACGGAATCGAGCAAAGCATCAGCAAAGCCGGA 


4526 




GGCAGGTGICGCGGCGA 


4527 




TCGCCGCGACACCTGCC 


4528 


Sulfonylurea 

Resistance 

ALS 


CCGGGTrTGCTGATGCTTTGCTCGATTCCGnCCACTGGTGGCGA 
TCACGGGGCAGGTGCAGCGGCGAATGAnGGGAGGGATGCI 1 1 1 
CAGGAGACTCCTAnGnGAGGTAACAGGGTC 


4529 


Bassia scoparia 

Pro189Gln 

CCG-CAG 


GACCGTGnACCTCAACAATAGGAGTCTCCTGAAAAGCATCCGTC 
CCAATCAnCGCCGCTGCACCTGCCCCGTGATCGCCACCAGTGG 
AACGGAATCGAGCAAAGCATCAGCAAACCCGG 


4530 




GCAGGTGGAGCGGCGAA 


4531 




TTCGCCGCIGCACCTGC 


4532 


Imidazolinone 

Resistance 

ALS 


GACCTTACCTGCnGATGTGAnGTACCTCATCAGGAGCATGTGC 

TGCCTATGATrCGTAATGGTGCAGCCTTCAAGGATATCATTAACGA 

AGGTGATGGAAGAACAAGnAnGATGTTC 


4533 


Bassia scoparia 

Ser649Asn 

AGT-AAT 


GAACATCAATAACTTGncnCCATCACCTTCGTTAATGATATGCn 
GAAGGCTGCACCATTAGGAATCATAGGCAGCACATGCTCCTGATG 
AGGTACAATCACATCAAGCAGGTAAGGTC 


4534 




GAnCCTAATGGTGCAG 


4535 




CTGCACCAITAGGAATC 


4536 


Sulfonylurea 

Resistance 

ALS1 


AGCGGGnAGGAGACGCGATGCnGACAGTGTTCCTCTTGTCGC 

CATTACAGGACAGGTCTCTCGCCGGATGATCGGTAGTGACGGCn 

GCAAGAGACACCAATCGTTGAGGTAAGGAGGT 


4537 


Brassica napus 

Pro182Ser 

CCT-TCT 


ACCTCGTTACGTGAACGAnGGTGTCTGTTGGAAGGCGTCAGTAC 
GGATCATCGGGCGAGAGACCTGTCCTGTAATGGGGAGAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAAGCGGCT 


4538 




GACAGGTCICTCGCCGG 


4539 




CCGGCGAGAGACCTGTC 


4540 
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Sulfonylurea 

Resistance 

ALS1 


GCGGGTTAGCAGACGCGATGCnGACAGTGTTCCTCTTGTCGCC 
ATTACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCCn 
CCAAGAGACACCAATCGnGAGGTAACGAGGTC 


4541 


Brassica napus 

Pro182Gln 

CCT-CAA 


GACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTA 
CCGATCATCCGGCGnGGACCTGTCCTGTAATGGCGACAAGAGG 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4542 




ACAGGTCCAACGCCGGA 


4543 




TCCGGCGTTGGACCTGT 


4544 


Sulfonylurea 

Resistance 

ALS1 


GCGGGTTAGCAGACGCGATGCnGACAGTGTTCCTCnGTCGCC 
ATTACAGGACAGGTCCAGGGCCGGATGATCGGTAGTGACGCCTT 
CCAAGAGACACCAATCGTTGAGGTAACGAGGTC 


4545 


Brassica napus 

Pro182Gln 

CCT-CAG 


GACCTCGTTACCTCAACGATTGGTGTCTCnGGAAGGCGTCAGTA 
CCGATCATCCGGCGCIGGACCTGTCGTGTAATGGGGACAAGAGG 
AACACTGTCAAGCATCGCGTCTGCTAACCCGC 


4546 




ACAGGTCCAGCGCCGGA 


4547 




TCCGGCGCIGGACCTGT 


4548 


Imidazolinone 

Resistance 

ALS1 


GACCAtACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACnTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


454d 


Brassica napus 

Ser638Asn 

AGT-AAT 


ATCTCTCAGTAGTTAGTGCGACCATCCCCTTCTGTTAnACATCTT 
TGAAAGTGCCACCATrTGGGATCATCGGTAACACATGnCnGGT 
GCGGACATATCACATCCAACAGGTATGGTC 


4550 




GATCCCAAATGGTGGCA 


4551 




TGCCACCATTTGGGATC 


4552 


Sulfonylurea 

Resistance 

ALS2 


CAGGGGGTTAGCAGACGCGATGCTTGACAGTGnCCTCnGTCG 
CCAnACAGGACAGGTTCCTCGCCGGATGATCGGTACTGACGCC 
nCCAAGAGAGACCAATCGnGAGGTAACGAGG 


4553 


Brassica napus 

Pro126Ser 

CCC-TCC 


CCTCGnACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTACC 
GATCATCCGGCGAGGAACCTGTCCTGTAATGGCGACAAGAGGAA 
CACTGTCAAGCATCGCGTCTGCTAACCCGCTG 


4554 




GGACAGGITCCTCGCCG 


4555 




CGGCGAGGAACCTGTCC 


4556 


Sulfonylurea 

Resistance 

ALS2 


AGCGGGTTAGCAGACGCGATGCTTGACAGTGTTCCTCTTGTCGC 
CATTACAGGACAGGTCACTCGCCGGATGATCGGTACTGACGCCT 
TCCAAGAGACACCAATCGTrGAGGTAACGAGGT 


4557 


Brassica napus 

Pro126Gln 

CCC-CAG 


ACCTCGTTACCTCAACGATTGGTGTCTCTTGGAAGGCGTCAGTAC 
CGATCATCCGGCGAGIGACCTGTCCTGTAATGGCGACAAGAGGA 
ACACTGTCAAGCATCGCGTCTGCTAACCCGCT 


4558 




GACAGGTGACTCGCCGG 


4559 
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CCGGCGAGIGACCTGTC 


4560 


Imidazolinone 

Resistance 

ALS2 


GACCATACCTGTTGGATGTGATATGTCCGCACCAAGAACATGTGT 

TACCGATGATCCCAAATGGTGGCACTTTCAAAGATGTAATAACAGA 

AGGGGATGGTCGCACTAAGTACTGAGAGAT 


4561 


Brassica r)apus 

Ser582Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCTGTTATTACATCTT 
TGAAAGTGCCACCATTTGGGATCATCGGTAACACATGTTCTTGGT 
GCG6ACATATCACATCCAACAGGTATGGTC 


4562 




GATCCCAAATGGTGGCA 


4563 




TGCCACCAITTGGGATC 


4564 


Sulfonylurea 

Resistance 

ALS3 


AGCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGC 
CATCACAGGACAGGTCTCTCGCCGGATGATCGGTACTGACGCGT 
TCCAAGAGACGCCAATCGTTGAGGTAACGAGGT 


4565 


Brassica napus 

Pro179Ser 

CCT-TCT 


ACCTCGTTACCTCAACGATTGGCGTCTCnGGAACGCGTCAGTAC 
CGATCATCCGGCGAGAGACCTGTCCTGTGATGGCGACGAGAGGA 
ACACTGTCAAGCATCGCGTCGGCTAACCCGCT 


4566 




GACAGGTCICTCGCCGG 


4567 




CCGGCGAGAGACCTGTC 


4568 


Sulfonylurea 

Resistance 

ALS3 


GCGGGTTAGCCGACGCGATGCTTGACAGTGTTCCTCTCGTCGCC 
ATCACAGGACAGGTCCAACGCCGGATGATCGGTACTGACGCGn 
CCAAGAGACGCCAATCGHGAGGTAACGAGGTC 


4569 


Brassica napus 

Pro179Gln 

CCT-CAA 


GACCTCGTTACCTCAACGAnGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGHGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4570 




ACAGGTCCAACGCCGGA 


4571 




TCCGGCGTTGGACCTGT 


4572 


Sulfonylurea 

Resistance 

ALS3 


GCGGGnAGCCGACGCGATGCTTGACAGTGnCCTCTCGTCGCC 
ATCACAGGACAGGTCCAGCGCCGGATGATCGGTACTGACGCGn 
CCAAGAGACGCCAATCGTTGAGGTAACGAGGTC 


4573 


Brassica najais 

Pro179Gln 

CCT-CAG 


GACCTCGnACCTCAACGATTGGCGTCTCTTGGAACGCGTCAGTA 
CCGATCATCCGGCGCTGGACCTGTCCTGTGATGGCGACGAGAGG 
AACACTGTCAAGCATCGCGTCGGCTAACCCGC 


4574 




ACAGGTCCAGCGCCGGA 


4575 




TCCGGCGCTGGACCTGT 


4576 


Imidazolinone 

Resistance 

ALS3 


GACCGTACCTGnGGATGTCATCTGTCCGCACCAAGAACATGTGT 
TACCGATGATCCCAAATGGTGGCACTTFCAAAGATGTAATAACCG 
AAGGGGATGGTCGCACTAAGTACTGAGAGAT 


4577 


Brassica napus 
Ser635Asn 

AGT-AAT 


ATCTCTCAGTACTTAGTGCGACCATCCCCTTCGGTTAnACATCn 
TGAAAGTGCCACCATrrGGGATCATCGGTAACACATGnCTTGGT 
GCGGACAGATGACATCCAACAGGTACGGTC 


4578 



wo 01/92512 



-59- 



PCTAJSOl/17672 

















GATCCCAAATGGTGGCA 


4579 




TGCCACCAirrGGGATC 


4580 


Sulfonylurea 

Resistance 

ALS 


TCCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCG 
CCATCACGGGCCAGGTCTCCCGCCGCATGATCGGCACCGACGC 
CnCCAGGAGACGCCCATAGTCGAGGTCACCCGCT 


4581 


Oryza sativa 

Pro171Ser 

CCC-TCC 


AGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGTG 

CCGATCATGCGGCGGGAGACCTGGCCCGTGATGGCGACCATCG 

GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGGA 


4582 




GCCAGGTCICCCGCCGG 


4583 




GCGGCGGGAGACCTGGC 


4584 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGAGGCGGTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAACGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4585 


Otyza sativa 

Pro171Gln 

CCC-CAA 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 
GCCGATCATGCGGCGTTGGACCTGGCCCGTGATGGCGACCATCG 
GGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4586 




CCAGGTCCAACGCCGCA 


4587 




TGCGGCGTTGGACCTGG 


4588 


Sulfonylurea 

Resistance 

ALS 


CCGCGCTCGCCGACGCGCTGCTCGACTCCGTCCCGATGGTCGC 
CATCACGGGCCAGGTCCAGCGCCGCATGATCGGCACCGACGCC 
TTCCAGGAGACGCCCATAGTCGAGGTCACCCGCTC 


4589 


Oryza sativa 

Pro171Gln 

CCC-CAG 


GAGCGGGTGACCTCGACTATGGGCGTCTCCTGGAAGGCGTCGGT 

GCCGATCATGCGGCGCTGGACCTGGCCCGTGATGGCGACCATC 

GGGACGGAGTCGAGCAGCGCGTCGGCGAGCGCGG 


4590 




CCAGGTCCAGCGCCGCA 


4591 




TGCGGCGfilGGACCTGG 


4592 


Imidazolinone 

Resistance 

ALS 


GGCCATACnGTTGGATATCATCGTCCCGCACCAGGAGCATGTGC 
TGCCTATGATCCCAAATGGGGGCGCAnCAAGGACATGATCCTGG 
ATGGTGATGGCAGGACTGTGTAHAATCTAT 


4593 


OAyzasafrVa 

Ser627Asn 

AGT-MT 


ATAGATTAATACACAGTCCTGCCATCACCATCCAGGATCATGTCCT 
TGAATGCGCCCCCATTTGGGATCATAGGCAGCACATGCTCCTGGT 
GCGGGACGATGATATCCAACAAGTATGGCC 


4594 




GATCCCAAATGGGGGCG 


4595 




CGCCCCCAinGGGATC 


4596 
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Sulfonylurea 

Resistance 

ALS 


TCTGCGCTCGCAGACGCGTTGCTCGACTCCGTCCCCATGGTCGC 
CATCACGGGACAGGTGTCGCGACGCATGAnGGCAGCGACGCCT 
TTCAGGAGACGCCCATCGTCGAGGTCACCCGCT 


4597 


Zea mays 

Pro165Ser 

CC6-TCG 


AGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGTG 
CCAATCATGCGTCGCGACACCTGTCCCGTGATGGCGACCATGGG 
GACGGAGTCGAGCAACGCGTCTGCGAGCGCAGA 


4598 




GACAGGTGICGCGACGC 


4599 




GCGTCGCGACACCTGTC 


4600 


Sulfonylurea 

Resistance 

ALS 


CTGCGCTCGCAGACGCGTTGCTCGACTCGGTCCCGATGGTCGCC 
ATCACGGGACAGGTGCAGCGAGGCATGAnGGCACCGACGCCTT 
TCAGGAGACGCCCATCGTCGAGGTCACCGGCTC 


4601 


Zea mays 
Pro165Gln 
CCG-CAG 


GAGCGGGTGACCTCGACGATGGGCGTCTCCTGAAAGGCGTCGGT 

GCCAATCATGCGTCGCTGCACCTGTCCCGTGATGGCGACCATGG 

GGAGGGAGTCGAGCAACGCGTCTGCGAGCGCAG 


4602 




ACAGGTGCAGCGACGCA 


4603 




TGCGTCGCIGCACCTGT 


4604 


Imidazolinone 

Resistance 

ALS 


GGCCGTACCTCTTGGATATAATCGTGCCGCAGCAGGAGCATGTGT 
TGCCTATGATCCCTAATGGTGGGGCTnCAAGGATATGATCCTGG 
ATGGTGATGGCAGGACTGTGTATTGATCCGT 


4605 


Zea mays 

Ser621Asn 

AGT-AAT 


ACGGATCAATACACAGTCCTGCCATCACCATCCAGGATCATATCC 
TTGAAAGCCCCACCATrAGGGATCATAGGCAACACATGCTCGTGG 
TGCGGGACGATTATATCCAAGAGGTACGGCC 


4606 




GATCCCTAATGGTGGGG 


4607 




CCCCACCAFAGGGATC 


4608 


Sulfonylurea 

Resistance 

ALS 


AGTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCG 
ATCACTGGTCAAGTCTCTCGTCGGATGATCGGTACCGATGGTrrC 
CAGGAAACTCCAATTGTTGAGGTAACAAGGT 


4e09 


Gossypium hirsutim 

Pro186Ser 

CCT-TCT 


ACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTAC 

CGATCATCCGACGAGAGACnGACCAGTGATCGCCACGAGAGGG 

ATACTATCGAGCATTGCATCAGCGAGACCAGT 


4610 




GTCAAGTCTCICGTCGG 


4611 




CCGACGAGAGACTTGAC 


4612 


Sulfonylurea 

Resistance 

ALS 


GTGGTCTCGCTGATGCAATGCTCGATAGTATCCCTCTCGTGGCGA 
TCACTGGTCAAGTCCAACGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAATTGTTGAGGTAACAAGGTC 


4613 


Gossypium hirsutum 

Pro186Gln 

CCT-CAA 


GACCnGnACCTCAACAAnGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGTrGGACTTGACCAGTGATCGGCACGAGAGG 
GATACTATCGAGCATTGCATCAGGGAGACCAC 


4614 




TCAAGTCCAACGTCGGA 


4615 
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TCCGACGTEGGACnGA 


4616 


Sulfonylurea 

Resistance 

ALS 

Gossypium hirsutum 

Pro186Gln 

CCT-CAG 


GtfiGTCtCGctGATfiCAATGCTCGAtAGTATCCCTCtCGTGGCGA 
TCACTGGTCAAGTCCAGCGTCGGATGATCGGTACCGATGCTTTCC 
AGGAAACTCCAAnGTTGAGGTAACAAGGTC 


4617 


GACCTTGTTACCTCAACAATTGGAGTTTCCTGGAAAGCATCGGTA 
CCGATCATCCGACGCTGGACnGACCAGTGATCGCCACGAGAGG 
GATACTATCGAGCA1TGCATCAGCGAGACCAC 


4618 


TCAAGTCCAGCGTCGGA 


4619 


TCCGACGCIGGACTTGA 


4620 


Imidazolinone 

Resistance 

ALS 

Gossypium hirsutum 

Ser642Asn 

AGT-AAT 


RArrTTAnTTRTTRGATGTGATTGTCCCACATCAAGAACATGTCCT 
GCCTATGATCCCCAATGGAGGGGCTTTCAAAGATGTGATCACAGA 
GGGTGATGGAAGAACACAATAnGACCTCA 


4621 


TGARRTnAATATTGTGTTCTTCCATCACCCTCTGTGATCACATCTT 
TGAAAGCCCCTCCATTGGGGATCATAGGCAGGACATGTTCTTGAT 
GTGGGACAATCACATCCAACAAGTAAGGTC 


4622 


GATCCCCAATGGAGGGG 


4623 


CCCCTCCATTGGGGATC 


4624 


Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Ser 

CCC-TCC 


Yr^Tftftt^TtGf^TftAtft(^AnTTCTtGACtCAGTCiCdTCTTGTC6CC 

1 O 1 OO 1 v/ 1 1 Ow 1 \Jf\ 1 VJw/Aw 1 1 v/ I I 1 \jr\yj 1 www I w 1 1 w 1 wwww 

AnACTGGGCAAGTrrCCCGGCGTATGAnGGTACTGATGCTTTTC 
AAGAGACTCCAAnGTTGAGGTAACTCGAT 


4625 


ATrGAGTTArrTnAACAATTGGAGTCTCTTGAAAAGCATCAGTACC 

r\ \ wOrVw 1 1 /Aww 1 \j/v\\jf^f\ I 1 vj wr\w i w i w i i wrxrirwvvjwn i \jr\\j i nww 

AATCATACGCCGGGAAACnGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAGA 


4626 


GGCAAGTTTCCCGGCGT 

WWW#»/»W 1 1 _l W WW WW WW 1 


4627 


ACGGGGGGAAACnGCC 


4628 


Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Gln 

CCC-CAA 


rTGGTrTTGf^tGAtGCACTTCTTGACTCAGTCCCTCTTGTCGCCA 

W 1 WV3 J O 1 1 WW 1 W/i 1 WW/iw 1 1 W 1 1 W/iW 1 W/»W I WWW 1 W 1 1 W 1 \</W W/i 

TTACTGGGCAAGTTCAACGGCGTATGATTGGTACTGATGCI MIC 
AAGAGACTCCAATTGnGAGGTAACTCGATC 


4629 


GATCGAGTTACCTCAACAATTGGAGTCTCTTGAAAAGCATCAGTAC 
CAATCATACGCCGnGAACTTGCCCAGTAATGGCGACAAGAGGGA 
CTGAGTCAAGAAGTGCATCAGCAAGACCAG 


4630 


GGAAGnCAACGGCGTA 


4631 


TACGCCGnGAACTTGC 


4632 


Sulfonylurea 

Resistance 

ALS 

Amaranthus powellii 

Pro192Gln 

f^CC-CAG 


CrGGTCTTGCTGATGCACTTCTrGACTCAGTCCCTGTTGrCGCCA 
nACTGGGCAAGnCAGCGGCGTATGATTGGTACTGATGCTTTTC 
AAGAGACTCCAAnGITGAGGTAACTGGATC 


4633 


GATCGAGnACCTCAACAAnGGAGTCTCnGAAAAGCATCAGTAC 
CAATCATACGCCGCTGAACTTGCCCAGTAATGGCGACAAGAGGG 
. ACTGAGTCAAGAAGTGCATCAGCAAGACGAG 


4634 
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GCAAGTTCAfiCGGCGTA 


4635 




TACGCCGCTGMCTTGC 


4636 


Imidazolinone 

Resistance 

ALS 


GACCGTATCTGCTGGATGTAATCGTACCACATCAGGAGCATGTGC 
TGCCTATGATCCCTAACGGTGCCGCCnCAAGGACACCATAACAG 
AGGGTGATGGAAGAAGGGCTTATTAGTTGGT 


4637 


Amaranthus powellii 

Ser652Asn 

AGC-AAC 


ACCAACTAATAAGCCCTTCTTCCATCACCCTCTGTTATGGTGTCCT 
TGAAGGCGGCACCGTTAGGGATCATAGGCAGCACATGCTCCTGA 
TGTGGTACGAnACATCCAGCAGATACGGTC 


4638 




GATCCCTAACGGTGCCG 


4639 




CGGCACCGTTAGGGATC 


4640 
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" ' f 

/ f ' , ^ 


Porphyric Herbicide 

Resistant 

PPQ 


TCTTGCGCCCTCTTTCTGAATCTGCTGCAAATGCACTCTCAAAACT 

ATAnACCCACCAATGGCAGCAGTATCTATCTCGTACCCGAAAGA 

AGCAATCCGAACAGAATGTTTGATAGATGG 


4641 


Ardbidopsis ttiBliBna 

Val365Met 

GTT-ATG 


CCATCTATCAAACATTCTGTTCGGATTGCTTCTTTCGGGTACGAGA 
TAGATACTGCTGCCAFGGTGGGTAATATAGI 1 1 IGAGACTGCAH 
TGCAGCAGAnCAGAAAGAGGGCGCAAGA 


4642 




CCCACCAATGGCAGCAG 


4643 




CTGCTGCeATTGGTGGG 


4644 


Porohvric Herbicide 

Resistant 

PPO 


taitacgtCctcttTcggttgccgcagcagatgcactiigAAAi 1 1 
ctactatcccccaatgggagcagtcacaatttcatatcctcaagaa 

GCTATTCGTGATGAGCGTGTGGTTGATGG 


4645 


Nicotidns tsbacuffi 

Val376Met 

Gn-ATG 


CCATCAACCAGACGCTCATCACGAATAGCTTCTTGAGGATATGAA 
ATTGTGACTGCTCCCAIIGGGGGATAGTAGAAATTTGAAAGTGGA 
TCTGCTGCGGCAACCGAAAGAGGACGTAATA 


4646 






4fi47 




CTGCTCCCA]TGGGGGA 


4648 


Porohvric Herbicide 

Resistant 

PPO 


tgttgcgtccgctttcgttgggtgcagcagatgcattgtcaaaat 
ritattatcctccgatggcagctgtatcaatttcatatccaaaaga 

CGCAATTCGTGCTGACCGGCTGATTGATGG 


4649 


Cichorium intybus 

Val383iVlet 

GTT-ATG 


CCATCAATCAGCCGGTCAGCACGAATTGCGTCTTTTGGATATGAA 
ATTGATACAGGTGCCAICGGAGGATAATAAAAI 1 1 IGACMTGCAT 
CTGCTGGACCCAACGAAAGCGGACGCAACA 


4650 




TCCTCCGATGGCAGCTG 


4651 




CAGCTGCCAICGGAGGA 


4652 


Porpliyric Herbicide 

Resistant 

PPO 


TCCTTCGTCCACTTTCAGATGTCGCCGCAGAATCTGTTTCAAAAn 
TCAnATCCACCAATGGCAGCTGTGTCACTTTCCTATCCTAAAGAA 
GCAAnAGATCAGAGTGCTTGATTGACGG 


4653 


Spinacia oleracea 

Val3gOIVIet 

GTT-ATG 


CCGTCAATCAAGCACTCTGATCTAAnGCTTCTlTAGGATAGGAAA 
GTGACACAGCTGCCATrGGTGGATAATGAAATITTGAAAGAGAnC 
TGCGGCGACATCTGAAAGTGGACGAAGGA 


4654 




TCCACCAATGGCAGCTG 


4656 




CAGCTGCCAFGGTGGA 


4656 
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SEQID, 


Porphyric Herbicide 

Resistant 

PPO 


TlTTGCGTCCACnTCAAGCGATGCTGCAGATGCTCTATCAAGAn 
CTATTATCCACCGATGGCTGCTGTAACTGTTTCGTATCCAAAGGAA 
GCAATTAGAAAAGAATGCTTAATTGATGG 


4657 


Zea mays 

Val363Met 

GH-ATG 


CCAICAAI lAAGCAl ICI 1 1 ICIAAI IGCI ICCI 1 IGGAIACGAAAC 

AGTTACAGCAGCCATCGGTGGATAATAGAATCTTGATAGAGCATC 

TGCAGCATCGCnGAAAGTGGACGCAAAA 


4658 




TCCACCGATGGCTGCTG 


4659 




CAGCAGCCAICGGTGGA 


4660 


Porphyric Herbicide 

Resistant 

PPO 


TCTTGCGGCCACTTTCAAGTGATGCAGCAGATGCTCTGTCAATATT 
CTATTATCCACCAATGGCTGCTGTAACTGTTTCATATCCAAAAGAA 
GCAATTAGAAAAGAATGCnAAnGACGG 


4661 


Oryza sativa 

Val364Met 

GTT-ATG 


CCGTCAATTAAGCAnCI 1 1 ICTAAnGCnCl 1 1 IGGAIATGAAAC 
AGTTACAGCAGCCATTGGTGGATAATAGAATATTGACAGAGCATCT 
GCTGCATCACnGAAAGTGGCCGCAAGA 


4662 




TCCACCAATGGCTGCTG 


4663 




CAGCAGCCATTGGTGGA 


4664 


Porphyric Herbicide 

r\esisiani 

PPO 


CTGGTCAAGGAGCAGGCGCGCGCCGCCGCCGAGGCCCTGGGCT 
CTGAGCGCCGTGCGGGAGGAGCGCAAGGCCTCGG 


4665 


Chlamydomonas 

reinhait^ 

Val389Met 


CCGAGGCCTTGCGCTCCTCCCGCACGGCGCTCAGCGGGTACGA 
CAGCGTCACGGCGCCCATCGGCGGGTAGTCGAAGGAGCCCAGG 
GCCTCGGCGGCGGCGGGCGCCTGCTCCnGACCAG 


4666 


GTG-ATG 


ACCCGCCGATGGGCGCC 


4667 




GGCGCCCAICGGCGGGT 


4668 



20 Table 13 
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SEQID 

mi 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 
Ser264Thr 
AGT-ACT 


AAAC 1 1 ACAACA 1 1 G 1 AGC 1 GC 1 CACGG 1 1 A 1 1 1 1 GGCCGA 1 1 GA 1 

mCCAATATGCTACTTTCAACAATTCTCGnCTTTACATTTCTTCTT 

AGCGGCnGGCCGGTAGTAGGTATTTG 


4669 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4670 
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ATATGCTACrnCAACA 


4671 


TGTTGAAAGTAGCATAT 


4672 


Triazine Resistant 
D1 Protein 
Nicotiana tabacum 
Ser264Thr 
AGT-ACT 


AAACI 1 AIAAUAIUUI AUUUCjUKJAIUljl lAI 1 1 HjljUUUAl ItsAI 

CTTCCAATATGGTACTrTCAACAACTCTCGTTCGnACACnCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4673 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 
rnAnAftTTftTTf^AAAGTAfinATATTGGAAGATCAATCGGCCAAAA 

O /AO/A VJ 1 1 w 1 1 VJ/A/A/A\3 1 / VvJw/i I / \ 1 1 WW/wxVj/i i 1 w wvjww/wvtti 

TAACCATGAGCGGCTACGATGTTATAAGTTT 


4674 


ATATGCTACnrCAACA 


4675 


TOnGAAAGTAGCATAT 


4676 


Triazine Resistant 
D1 Protein 
Populus deltoides 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCATGGl lAl 1 1 iGGCCbAI IGAI 
CTTCCAATATGCTACTnTAACAACTCTCGCTCTTTACATTTCnCT 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4677 


CAGATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAG 

rr^Ar5Ar5TT(^TTAAAAftTAf^rATATT(^f^AAnATnAATnfifinnAAAAT 

V^OMvJMw 1 1 0 1 1 /VvVtJJ 1 MOw/A 1 rt 1 1 v30r\r\VJ/A l v/rVA 1 w\3VJww/ArwA l 

AACCATGAGCGGCTACGATATTATAAGTTT 


4678 


AIAIGCIACIIIIAACA 


4679 


TGTTAAAAGTAGCATAT 


4680 


Triazine Resistant 
D1 Protein 
Petunia xhybrida 
Ser264Thr 
AGT-ACT 


AAACTTATAATATCGTAGCCGCTCATGGTTAI 1 1 IGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGnACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4681 


A A ^ A A A ^ A ^kf^/^KS A A A A /^^X A A A A />T/ *T A A /^^^ A A 

CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

PftAttAfiTTr^TTnAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTTT 


4682 


ATATGCTACTTTCAACA 


4683 


TGHGAAAGTAGCATAT 


4684 


Triazine Resistant 
D1 Protein 

Magnolia pyramidata 

Ser264Thr 

AGT-ACT 


AAACTTATAATATCGTAGLICaOIOAICabl lAI 1 1 IbbtObAI IbAI 

CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4685 


A A A rN/^*T" A A ^ A A A A ^^*T" A ^>^> A A A A AT^T AAA A A 

CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACGATAnATAAGTIT 


4686 


ATATGCTACTTTCAACA 


4687 


TGHGAAAGTAGCATAT 


4688 


Triazine Resistant 
D1 Protein 
Medicago sativa 
Ser264Thr 
AGT-ACT 


AAACCTATAATAnGTAGCAGCTCAIGGl lAII 1 IGGCCGAI IGAI 

CnCCAATATGCTACTTTCAACAACTCTCGTTCTTTACATTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


46dd 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA. 

CGAGAGnGnGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCTGCTACAATATTATAGGTTT 


4690 


ATATGCTACTTTCAACA 


4691 
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TGTTGAAAGTAGCATAT 


4692 


Triazine Resistant 
D1 Protein 
Glycine max 


AAACCTATAATATTGTAGCTGCTCAT6GTrATTTrGGCCGATTGAT 
CTTCCAATATGCAACTTTCAACAAnCTCGTTCnTACATTTCTTCT 
TAGCTGCnGGCCTGTAGTAGGTATTTG 


4693 


Ser264Thr . 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTTGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAGGTTT 


4694 




ATATGCAACTTTCAACA 


4695 




TGTTGAAAGTTGCATAT 


4696 


Trio 71 na Qocicfont 

D1 Protein 
Brassica napus 


AAApTTAr^AAr^ATTriTAftrTrjf^Tf^Apr^rilnf'ATTT^ 

nMr\0 1 1 AUMMUM 1 1 V? i Mou f OW 1 wMUVJVS 1 1 M 1 i 1 1 wV?ULr\jM 1 1 OM 1 

CTTCCAATATGCTACTTTCAACAATTCTCGnCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 




Gly264Thr 
GGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTrr 


4698 




ATATGCTACTTTCAACA 


4699 




TGTTGAAAGTAGCATAT 


4700 


Triazine Resistant 
D1 Protein 
Oryza sativa 


AAACl lAIAAIAI IGIGGCCGCICAIGGI lAI 1 1 IGGCCGAI lAAl 

CnCCAATATGCTACTTTTAACAACTCTCGTTCnTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATTTG 


4701 


Ser264Tlir 
AGT-ACT 


CAAATCCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 

\jr\r\r\ i www i fiw i /^w/^wwww/viwwi«www/if^\^/^r«wrw I w I / v w »w/»i\ 

CGAGAGnGTTAAAAGTAGCATAnGGAAGATTAATCGGCCAAAAT 
AACCATGAGCGGCCACAATATTATAAGTTT 


4702 




ATATGCTACTTTTAACA 


4703 




TGTTAAAAGTAGCATAT 


4704 

Tl w~ 


Triazine Resistant 
D1 Protein 

Zea mays 


AOACi IAIAA1A1 ibibtaClbUIOAUblal lAI 1 1 lUUlOGAI lAAl 
CnCCAATATGCTACTiTCAACAAnCTCGTTCnTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


4705 


AGT-ACT 


CGAGAATTGTTGAAAGTAGCATAnGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATATTATAAGTCT 






ATATOPTAPTTTPAAPA 


/i7n7 




Ti^TTrJ AAA flTAnP AT AT 
loll uMMMla 1 MOoM 1 M 1 


/i7np 

4/Uo 


Triazine Resistant 
D1 Protein 
Arabidopsis thaliana 


AAACTTACAACATTGTAGCTGCTCACGGTTATTTTGGCCGATTGAT 
TTTCCAATATGCTACTTTCAACAAnCTCGTrCTiTACATiTCTTCTT 
AGC6GCTTG6CCGGTAGTAGGTATTTG 


4709 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAATTGnGAAAGTAGCATAnGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4710 




ATATGCTASTTTCAACA 


4711 




TGTTGAAAGTAGCATAT 


4712 
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Triazine Resistant 
D1 Protein 


AMCnATMCATCGTAGCCGCICAIGGI lAI 1 1 IGGCCGAI IGAI 
CnCCAATATGCTACnTCAACAACTCTCGnCGTTACACTrCTTCC 


4713 


Nicotiana tabacum 


TAGCTGCnGGCCTGTAGTAGGTATCTG 




Ser264Thr 
AGT-ACT 


CGAGAGTTGnGAAAGTAGCATAnGGAAGATCAATCGGCCAAAA 
TAACCATGAGCGGCTACGATGTrATAAGTTT 


4714 




ATATGCTACTTTCAACA 


4715 




TGHGAAAfiTAGCATAT 


4716 


Triazine Resistant 
D1 Protein 


AAACTTATAATATGGTAGCCGCTCATGGnAI 1 1 IGGCCGAI IGAI 
CTTCCAATATGCTACTnTAACAACTCTCGCTCTTTACATTTCTTCT 


4717 


Populus deltoides 


TAGCTGCnGGCCTGTAGTAGGTATCTG 




Ser264Thr 
AGT-ACT 


CkGkrkCCJkCrkCkGQCCkkQCkGCTkkGkkGkkklGTkkkGkG 
CGAGAGTTGnAAAAGTAGCATAnGGAAGATCAATCGGCCAAAAT 
AACCATGAGCGGCTACGATATTATAAGTTT 


4718 




AIAIGCIACI IIIAACA 


4719 




TGTTAAAAGTAGCATAT 


4720 


Triazine Resistant 
D1 Protein 
Petunia X hybrida 


AAACnAlMIAICGIAGCCGClCAIGGl lAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGnACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4721 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGnGTTGAAAGTAGCATAnGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATAnATAAGTTT 


4722 




ATATGCTASTTTCAACA 


4723 




TGTTGAAAGTAGCATAT 


4724 


Triazine Resistant 
D1 Protein 


AAACHATAATATCGTAGCTGC 1 CAI GG 1 1 A 1 1 1 1 GGCCGA 1 1 GA 1 
CTTCCAATATGCTACTrrCAACAATTCTCGTTCTTTACATTTCTTCC 


47^5 


Magnolia pyramidata 


TAGCTGCnGGCCTGTAGTAGGTATCTG 




Ser264Thr 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 


4726 


AGT-ACT 


CGAGAATTGHGAAAGTAGCATAnGGAAGATCAATCGGCCAAAAT 
AACCATGAGCAGCTACGATATTATAAGTIT 






ATATGCTACTFTCAACA 


4727 




TGHGAAAGTAGCATAT 


4728 


Triazine Resistant 
D1 Protein 
Medicago saf/Va 


AAACCTATAATATTGTAGCAGCICAIGGI IAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGnCTTTACATTTCnCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4729 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAA 
CGAGAGHGTTGAAAGTAGCATAnGGAAGATCAATCGGCCAAAA 
TAACCATGAGCTGCTACAATATTATAGGTTT 


4730 




ATATGCTACTTTCAACA 


4731 




TGHGAAAGTAGCATAT 


4732 
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Triazine Resistant 
D1 Protein 
G/yc/fie inax 


AAACCTATAATATTGTAGCTGCTCATGGTTATTrT6GCCGATtGAT 
CTTCCAATATGCAACTTTCAACAATTCTCGnCTTTACATTTCnCT 
TAGCTGCnGGCCTGTAGTAGGTATTTG 


4733 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 

CGAGAATTGTTGAAAGnGCATATTGGAAGATCAATCGGCCAAAAT 

AACCATGAGCAGCTACAATATTATAGGTTT 


^/ 




ATATGRAACTTTCAACA 






TfiTTfiAAAGTTnrATAT 




Triazine Resistant 
D1 Protein 
Brassica napus 


A A Ar*TTAr»A A ATT/^T A r^C^Tr^r^Tf^ A r^/^r»TT A TT'l"l"/^/^0/^/^ ATTO A T 

AMLr 1 lAOAAoA M b 1 AbO 1 bOl oALbCaTTAl 1 1 IGGCCGATTGAT 
CTTCCAATATGCTACTTTCAACAATTCTCGTrcnTACATnCnCT 
TAGCGGCnGGCCGGTAGTAGGTATTTG 


4737 


Glv264Thr 
GGT-ACT 


rAAATArPTAPTArrr^f^rrAAr^rrr^PTAAr^AAriAAATr^TAAAriAA 

CGAGAATTGnGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 






ATAK^OTArTTTrAAPA 


T-f oy 




Tf^TTf^AAA^iTAriPATAT 




Tri;)7inp Rp<;i(«t;)nt 

1 ilCl£.lliC iXCOiOlCIIIL 

D1 Protein 
Oiyza sativa 


AAACTTATAATATTRTfiRPnfinTnATfifiTTA 1 1 1 1 fnfirPfiATTAAT 
CTFCCAATATGCTACTnTAACAACTCTCGncnTACACrrCTTCT 
TGGCTGCTTGGCCTGTAGTAGGGATTTG 




Ser264Thr 
AGT-ACT 


PAAATPPPTAPTAPAr5r5PPAAr^PAr^PPAAr^AA<^AA<^Tr^TAAAriAA 

CGAGAGTTGTTAAAAGTAGCATATTGGAAGAnAATCGGCCAAAAT 
AACCATGAGCGGCCACAATAnATAAGTrr 


A7A0 




ATATf^f^ f AP 1 I I 1 AAPA 

A 1 A 1 OO 1 Aw 1 1 1 1 AAwA 






TfiTTAAAAfiTAnPATAT 

1 \j I 1 AAAAw 1 AOwA I A I 


A7AA 


Triazine Resistant 
D1 Protein 
Zea mays 


AGACnATAATATTGTGGCTGCTCACGGTTAI 1 1 IGGICGAI lAAl 

CTTCCAATATGCTACTTTCAACAATTCTCGTTCnTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGGATCTG 


4745 


ocr/D4 1 nr 
AGT-ACT 


OAbA 1 OCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAATTGnGAAAGTAGCATAnGGAAGATTAATCGACCAAAAT 
AACCGTGAGCAGCCACAATAnATAAGTCT 


4746 




AXATO^XA/*'! 1 1 A A <^ A 

AlAlbLrlACI ITGAAUA 


4747 




T^TT/^A A A/*TAOr* ATAT 

TGTTGAAAGTAGCATAT 


4743 


Triazine Resistant 
D1 Protein 
Are^idopsis tttaliana 


AAACTTACAACATTfiTARPTGCTPACGfiTTA 1 \ 1 i GfiPPnATTfiAT 

fW^w 1 1 y^wrV^wA 1 1 \3 1 ^^^Jw l VJw I wAwxjvJ 1 I A I 1 i i \J v3ww wA I 1 VJA 1 

TTTCCAATATGCTACTTTCAACAAnCTCGTTCTTTACATTTCnCTT 
AGCGGCTTGGCCGGTAGTAGGTATTTG 


A7AQ 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 
CGAGAAHGnGAAAGTAGCATAnGGAAAATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4750 




ATATGCTACTTTCAACA 


4751 




TGTTGAAAGTAGCATAT 


4752 
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Triazine Resistant 
D1 Protein 
Picea abies 


AAACCTACAATATTGTGGCTGCTCACGGTTAI 1 iCfiOCCtaAl KaAl 
CnCCAGTATGCTACTTTCAACAACTCCCGTrCTTTACATTTCnCT 
TAGCTGCTTGGCCCGTAGCAGGTATCTG 


4753 


Ser264Thr 

wwl • 1 111 

AGT-ACT 


CAGATACCTGCTACGGGCCAAGCAGCTAAGAAGAAATGTAAAGAA 
CGGGAGTTGnGAAAGTAGCATACTGGAAGATCAATCGGCCGAAA 
TAACCGTGAGCAGCCACAATAnGTAGGTTT 


4754 




GTATGCTACTTTCAACA 


4755 




TGTTGAAAGTAGCATAC 


4756 


1 nazine rvesisiani 
D1 Protein 

Viria faba 


CTTCCAATATGCTACnrCAACAAnCTCGCTCnTACATnCTTCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 




Ser264Thr 
AGT-ACT 


CARATAnCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAAnGnGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGNfTT 


4758 




ATATGCTACTTTCAACA 


4759 




TGTTGAAAGTAGCATAT 


4760 


Triazine Resistant 
D1 Protein 


AGACTTATAATATTGTGGCIGCICAIGGI lAI 1 1 IGGCCGAFTAAT 
CTTCCAATATGCTACTTTCAACAACTCTCGTTCnTACACTTCnCT 


4761 


Hordeum vulgare 


TGGCTGCTTGGCCTGTAGTAGGAATCTG 




Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGTTGTTGAAAGTAGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTCT 


4762 




ATATGCTACTTTCAACA 

r\ \ rw WW 1 f»w III w/v»w#i 


4763 




TGTTGAAAGTAGCATAT 

i W 1 1 w#\r«^w 1 / »wwr» 1 / * 1 


4764 


Triazine Resistant 
D1 Protein 
Triticum aestivum 


AAACTTATAATATTGTGGGTGCTCATGGI IAIN IGGCCGATTAAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCTTTACACTTCTTCT 

TGGCTGCTTGGCCTGTAGTAGGAATCTG 


4765 


Ser264Thr 
AGT-ACT 


CAGATTCCTACTACAGGCCAAGCAGCCAAGAAGAAGTGTAAAGAA 
CGAGAGnGnGAAAGTAGCATAnGGAAGAHAATCGGCCAAAAT 
AACCATGAGCAGCCACAATATTATAAGTn 


4766 




ATATGCTACTTTCAACA 

n 1 1 WW 1 rwj \ i i \jr\r\\jr\ 


4767 




TGTTGAAAGTAGCATAT 


4768 


Triazine Resistant 


AAACTTATAATATTGTAGCTGCTCATGGI IAI 1 1 IGGCCGATTAATC 


4769 


D1 Protein 
Vigna unguiculata 


nCCAATATGCAACTnCAACAAnCTCGnCTTTACATTTCnCCT 
AGCTGCnGGCCTGTAGTAGGTATTTG 




Ser264Thr 
AGT-ACT 


CAmACClAClACkGGCC^AGCkGCJAGGAAGPJ^AJGJAPAGAA 
CGAGAAHGTTGAAAGnGCATATTGGAAGATTAATCGGCCAAAAT 
AACCATGAGCAGCTACAATAnATAAGTIT 


4770 




ATATGCAACTTTCAACA 


4771 




TGHGAAAGITGCATAT 


4772 
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Triazine Resistant 
D1 Protein 
Loft/s japonicus 


AAACCTATAATATt6TA6CTGCTCACGGI iAI i I IGGCCGATTGAT 
CTTCCAATATGCAACnTCAACAACTCTCGTTCTTTACACnCTTCT 
TAGCTGCTTGGCCTGnGTAGGTATCTG 


4773 


Ser264Thr 
AGT-ACT 


CAGATACCTACAACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 
CGAGAGnGnGAAAGnGCATATTGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATATTATAGGTn 


4774 




ATATGCAACTTTCAACA 


4775 




TGTTGAAAGTTGCATAT 


4776 


1 iia^ine rAcoioidiii 
D1 Protein 
Sinapis alba 


CTTCCAATATGCTACTTTCAACAATTCTCGTTCTTTACATTTCTTCT 
TAGCGGCTTGGCCGGTAGTAGGTATTTG 




Ser264Thr 
AGT-ACT 


CAAATACCTACTACCGGCCAAGCCGCTAAGAAGAAATGTAAAGAA 

CGAGAAnGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAAT 

AACCGTGAGCAGCTACAATGTTGTAAGTTT 


4778 




ATATGCTACTTTCAACA 


4779 




TGTTGAAAGTAGCATAT 


4780 


Triazine Resistant 
D1 Protein 

Pisum sativum 


AAACCIAIAAIAI iGlAGCIGCiCACGGI IAI 1 1 IGGCCGAI IGAi 
CTTCCAATATGCTACTTTCAACAATTCTCGCTCTrTACATrrCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4781 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAATGTAAAGAG 
CGAGAATTGTTGAAAGTAGCATAnGGAAGATCAATCGGCCAAAAT 
AACCGTGAGCAGCTACAATAHATAGGTTT 


4782 




ATATGCTACTTTCAACA 


4783 




TGTTGAAAGTAGCATAT 


4784 


t riazine K6sisiani 
D1 Protein 
Spinacia oleracea 


A A A PTT AT A AT ATrr^T A PTriPTP ATr^ riTT ATTTTf^ f^TPf^ ATTtt AT 

CTTCCAATATGCTACTTTCAACAACTCTCGnCTTTACACTTCnCT 
TAGCTGCTTGGCCTGTAGTAGGTATTTG 


4785 


Ser264Thr 
AGT-ACT 


CAAATACCTACTACAGGCCAAGCAGCTAAGAAGAAGTGTAAAGAA 

CGAGAGTTGTTGAAAGTAGCATAnGGAAGATCAATCGACCAAAAT 

AACCATGAGCAGCTACGATATTATAAGTTT 


4786 




ATATGCTACTTTCAACA 


4787 




TGTTGAAAGTAGCATAT 


4788 


Triazine Resistant 
D1 Protein 
NicoHanadebneyi 


AAACTTATAACATCGTAGCCGCTCATGGTTATTTTGGCCGATTGAT 
CnCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACnCnCC 
TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4789 


Ser264Thr 
AGT-ACT 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGTTATAAGTn 


4790 




ATATGCTAemCAACA 


4791 




TGHGAAAGTAGCATAT 


4792 
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Triazine Resistant 
D1 Protein 
Solanum nigrum 
Ser264Thr 
AGT-ACT 


AAACtTATMTATCGTAGCCGClCAIGGI lAI 1 1 IGGCCGATTGAT 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCnGGCCTGTAGTAGGTATCTG 


4793 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGnGTTGAAAGTAGCATATTGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATATTATAAGTIT 


4794 


ATATGCTACTTTCAACA 


4795 


TGHGAAAGTAGCATAT 


4796 


Triazine Resistant 

D1 Protein 

Nicotiana 

plumbaginifolia 

Ser264Thr 

AGT-ACT 


AAACmTAACATCGtAGCCGClCAIGGI lAI 1 1 IGGCCGAI IGAI 

CTTCCAATATGCTACTTTCAACAACTCTCGTTCGTTACACTTCTTCC 

TAGCTGCTTGGCCTGTAGTAGGTATCTG 


4797 


CAGATACCTACTACAGGCCAAGCAGCTAGGAAGAAGTGTAACGAA 

CGAGAGTTGTTGAAAGTAGCATAnGGAAGATCAATCGGCCAAAA 

TAACCATGAGCGGCTACGATGnATAAGTTT 


4798 


ATATGCTAfiTTTCAACA 


4799 


TGTTGAAAGTAGCATAT 


4800 
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Example 6 

Engineering male- or female-sterile plants 

Flower development In distantly related dicot plant species is increasingly better understood 
and appears to be regulated by a family of genes which encode regulatory proteins. These genes include, 

5 for example, AGAMOUS {AG), APETALA1 [API), and APETALA3 {AP3) and PISTILLATA {PI) in 

Arabidopsis thaliana, and DEFICIENSA {DEFAl GLOBOSA (GLO), SQUAMOSA {SQUA), and PLENA 
{PLE) in Antirrhinum majus. Genetic studies have shown that the DEFA, GLO and APS genes are essential 
for petal and stamen development. Sequence analysis of these genes revealed that the gene products 
contain a conserved MADS box region, a DNA-binding domain. Using these clones as probes, MADS box 

1 0 genes have also been isolated from other species including tomato, tobacco, petunia. Brassies napus, and 
maize. 

Altering the expression of these genes results in altered floral morphology. For example, 
mutations in AP3 and PI result in male-sterile flowers because petals develop in place of stamens. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
1 5 used to generate site-specific mutations that confer altered floral structures in plants. 



Table 14 

Oligonucleotides to produce male-sterile plants 



!. Plant fiifargete^^ 




NO: 


Male-sterile 
AP3 

Arabidopsis thaliana 

ArgSTerm 

AGA-TGA 


TTGTCCTCTCCACCAAATCTCTTCMCAAAMGAnAMCAAAGAGA 
GAAGAATATGGCGTGAGGGAAGATCCAGATCAAGAGGATAGAGAA 
CCAGACAAACAGACAAGTGACGTATTCAA 


4801 


TTGAATACGTCACTTGTCTGTTTGTCTGGTTCTCTATCCTCTTGATC 
TGGATCTTCCCTCACGCCATATTCTTCTCTCTrTGTTTAATCI 1 1 1 1 
GnGAAGAGAlTTGGTGGAGAGGACAA 


4802 


ATATGGCGIGAGGGAAG 


4803 


CnCCCTCACGCCATAT 


4804 


Male-sterile 
AP3 

Arabidopsis tfialiana 

LysSTerm 

AAG-TAG 


TCTCCACCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGA 

ATATGGCGAGAGGGTAGATCCAGATCAAGAGGATAGAGAACGAGA 

CAAACAGACAAGTGACGTATTGAAAGAGAA 


4805 


nCTCTTTGAATACGTCACTrGTCTGTTTGTCTGGTTCTCTATGCTC 
TTGATCTGGATCTACGCTGTCGCCATATTCTTCTCTCTTTGTTTAAT 
01 1 1 1 1 GTTGAAGAGATTTGGTGGAGA 


4806 


CGAGAGGGTAGATCGAG 


4807 



wo 01/92512 



PCTAJSOl/17672 



-73- 





CTGGATCTACCCTCTCG 


4808 


Male-sterile 
AP3 

Arabidopsisihaliana 

GInTTerm 

CAG-TAG 


CCAAATCTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGG 
CGAGAGGGAAGATCTAGATCAAGAGGATAGAGAACCAGACAAACA 
GACAAGTGACGTAnCAAAGAGAAGGAATG 


4809 


CAnCCTTCTCTTTGAATACGTCACnGTCTGTTTGTCTGGTTCTCT 
ATCCTCnGATCTAGATCnCCCTCTCGCCATATTCTTCTCTCTTTG 
THAATCI 1 1 1 IGTTGAAGAGATTTGG 


4810 


GGAAGATGIAGATCAAG 


4811 


CnGATCTAGATCnCC 


4812 


Male-sterile 
AP3 

Arabidopsis thaliana 

Lys9Term 

AAG-TAG 


CTCTTCAACAAAAAGATTAAACAAAGAGAGAAGAATATGGCGAGAG 
GGAAGATCCAGATCTAGAGGATAGAGAACCAGACAAACAGACAAG 
TGACGTAnCAAAGAGAAGGAATGGTTTAT 


4813 


ATAAACCAnCCnCTCTTTGAATACGTCACTTGTCTGTTTGTCTGG 
TTCTCTATCCTCTAGATCTGGATCTTCCCTCTCGCCATATTCnCTC 
TCnTGTTTAATCI 1 1 1 IGHGAAGAG 


4814 


TCCAGATCIAGAGGATA 


4815 


TATCCTCTAGATCTGGA 


4816 


Male-sterile 
AP3 

Brassica oleracea 

Lys23Term 

AAG-TAG 


AGAGGGAAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGA 
CAAGTGACGTAnCTTAGAGAAGAAATGGTTTGnCAAGAAAGCTC 

ACGAGCTTACAGI 1 1 lATGTGATGCTAGGG 


4817 


CCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCTTGAACAA 
ACCArrrCnCTCTAAGAATACGTCACnGTCGGTTGGTCTGGTTC 
TCTATCCTCTTGATCTGGATCTTCCCTCT 


4818 


CGTATTCTTAGAGAAGA 


4819 


TCTTCTCTAAGAATACG 


4820 


Male-sterile 
AP3 

Brassica olei^cea 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATCAAGAGGATAGAGAACGAGACCAACCGACAA 
GTGACGTAnCTAAGTGAAGAAATGGTTTGTTCAAGAAAGCTCACG 
AGCnACAGmTATGTGATGCTAGGGTrr 


4821 


AAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTTTCnGAA 
CAAACCAnrCTTCACmGAATACGTCACnGTCGGTTGGTCTGG 
TTCTCTATCCTCTTGATCTGGATCTTCCC 


4822 


ATTCTAAGIGAAGAAAT 


4823 


ATrrCTTCACnAGAAT 


4824 


Male-sterile 
AP3 

Brassica oleracea 

Arg25Term 

AGA-TGA 


AAGATCCAGATCAAGAGGATAGAGAACCAGACCAACCGACAAGTG 
ACGTATTCTAAGAGATGAAATGGTTTGTTCAAGAAAGCTCACGAGC 
TTACAGI 1 1 lATGTGATGCTAGGGTTTCGA 


4825 


TCGAAACCCTAGCATCACATAAAACTGTAAGCTCGTGAGCTnCTT 
GAACAAACCATrrCATCTCTTAGAATACGTCACnGTCGGTrGGTC 
TGGnCTCTATCCTCnGATCTGGATCn 


4826 


CTAAGAGAI6AAATGGT 


4827 


ACCATTTCATCTCnAG 


4828 
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Male-Sterile 
AP3 

Brassica oleracea 

Leu28Term 

HG-TAG 


TCAAGAGGATAGAGAACCAGACCAACCGACAAGTGACGTAnCTA 
AGAGAAGAAATGGTTAGTTCAAGAAAGGTGAGGAGCTTAGAGTTTT 
ATGTGATGGTAGGGrrTGGAnATCATGTT 


4829 


AAGATGATAATGGAAACCCTAGCATGACATAAAACTGTAAGCTCGT 
GAGGTTTGnGAAGTAAGGATTTGTTGTGTTAGAATACGTGAGTTGT 
GGGnGGTGTGGnGTCTATGGTGHGA 


4830 


AAATGGTTAGTTCAAGA 


4831 


TCTTGAACTAACCATTT 


4832 


Male-sterile 
AP3 

Brassica napus 

Tyr21Term 

TAC-TAG 


eCaCTUGAGeeAAGATCCACaATTAAGAGCaATAGAGAACCAAACAAA 
GAGGGAGGTCAGCTAGTGGAAGAGAAGAAATGGriTGTTGAAGAA 
AGCAGAGGAGGTGTGTGTTGTGTGTGATGGT 


4833 


AGGATGAGAGAGAAGAGAGAGGTGGTGTGGTTTGTTGAAGAAAGG 

ATTTGTrGTGnGGACTAGGTGAGCTGGGTGnTGTnGGTTGTCTA 

TGCTGTTAATGTGGATGTTCGCTGGAGGG 


4834 


GTGAGGTAGTGGAAGAG 


4835 


GTGTTGGACTAGGTGAG 


4836 


M?)lp-Qtprilp 

IVlclIC OLwl llw 

AP3 

Brassica napus 

Lys23Term 

AAG-TAG 


GAGGTGACGTAGTGGTAGAGAAGAAATGGTTTGTTCAAGAAAGGAG 
AGGAGGTCTCTGTTGTCTGTGATGCTAAAG 




GTTTAGCATCACAGAGAACAGAGAGCTCGTGTGCTTTCTTRAACAA 
AGGATITGnGTGTAGGAGTAGGTGAGGTGGGTGTTTGnTGGTTG 
TGTATCCTGTTAATGTGGATCnGCCTGG 




GGTACTCCTAGAGAAGA 


too*/ 


TCTTCTCTAG6AGTAG6 




Male-sterile 
AP3 

Brassica napus 

Arg24Term 

AGA-TGA 


GGGAAGATCCAGATTAAGAGGATAGAGAAGCAAACAAACAGGCAG 
GTCACCTACTGGAAGTGAAGAAATGGTTTGnGAAGAAAGGAGACG 
AGGTCTGTGHGTGTGTGATGGTAAAGTTT 


4841 


AAAGTTTAGCATCACAGAGAAGAGAGAGGTCGTGTGGnTGTTGAA 
GAAAGGATTTGnGAGTTGGAGTAGGTGAGCTGGGTGTTTGTTTGG 
nGTGTATGGTGHAATGTGGATGTTGGG 


4842 


AGTGGAAGIGAAGAAAT 


4843 


ATTTGTTGAGTTGGAGT 


4844 


Male-sterile 
AP3 

Brassica napus 

Arg25Term 

AGA-TGA 


AAGATGGAGATTAAGAGGATAGAGAAGGAAAGAAAGAGGGAGGTG 

AGGTACTCGAAGAGATGAAATGGnTGTTCAAGAAAGGAGAGGAGG 

TGTGTGTTGTGTGTGATGGTAAAGnrCGA 


4845 


TGGAAACTTTAGGATGAGAGAGAAGAGAGAGGTGGTGTGGnTGTT 
GAAGAAACGATTTGATGTGTTGGAGTAGGTGAGGTGGGTGTTTGTT 
TGGTTGTCTATGGTGTTAATCTGGATCn 


4846 


GGAAGAGAIGAAATGGT 


4847 


AGGATTTGATGTCTTGG 


4848 
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Male-sterile 
DEFA 

Antirrhinum maps 

ArgSTerm 

CGA-TGA 


GGAGAGAAAGGAAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGI 
AGTGGnCGATGGCTTGAGGGAAGATCCAGATTAAGAGGATAGAG 
AACCAAACAAACAGGCAGGTCACCTACTCCA 


4849 


TGGAGTAGGTGACCTGCCTGTTTGTITGGTTCTCTATCCTCnAAT 

CTGGATCnCCCTCAAGCCATCGAACCACTAGCACTAGTGCTCTTG 

TTTTCTTCnCCAGCTTTCCTrTCTCTCC 


4850 


CGATGGCTIGAGGGAAG 


4851 


CTTCCCTCAAGCCATCG 


4852 


Male-sterile 
DEFA 

Antirrhinum majus 

LysSTerm 

AAG-TAG 


AAAG6AAAGCTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGT 
TCGATGGCTCGAGGGTAGATCCAGATTAAGAGGATAGAGAACGAA 
ACAAACAGGCAGGTCACCTACTCCAAGAGAA 


4853 


TTCTCTTGGAGTAGGTGACCTGCCTGTTTGTTTGGnCTCTATCCT 
CTTAATCTGGATCTACCCTCGAGCCATCGAAGCACTACCACTACTG 
CTCTTGI 1 1 ICTTCnCCAGCTTTCCTTT 


4854 


CTCGAGGGIAGATCCAG 


4855 


CTGGATCTACCCTCGAG 


4856 


Male-sterile 
DEFA 

Antinhinum majus 

Gln7Term 

CAG-TAG 


AAGGTGGAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGnCGATG 
GCTCGAGGGAAGATCTAGAnAAGAGGATAGAGAACCAAACAAAC 
AGGCAGGTCACCTACTCCAAGAGAAGAAATG 


4857 


CATTTCnCTCTTGGAGTAGGTGACCTGCCTGnTGTTTGGTTCTC 
TATCGTCnAATCTAGATCnCCCTCGAGCCATCGAACCACTACCA 
CTACTGCTCnGTnTCTTCnCCAGCn 


4858 


GGAAGATCIAGATTAAG 


4859 


CTTAATCTAGATCnCC 


4860 


Male-sterile 
DEFA 

Antinhinum majus 

LysQTerm 

AAG-TAG 


GAAGAAGAAAACAAGAGCAGTAGTGGTAGTGGnCGATGGGTCGA 
GGGAAGATCCAGATTTAGAGGATAGAGAACCAAACAAACAGGGAG 
GTCACCTACTCCAAGAGAAGAAATGGTTTGT 


4861 


ACAAACCATTTCTTCTCTTGGAGTAGGTGACCTGGCTGTnGnTG 
GTTCTCTATCCTCTAAATCTGGATCnCCCTCGAGCCATCGAACCA 

CTACCACTACTGCTcnGi 1 1 icncnc 


4862 


TCCAGATTIAGAGGATA 


4863 


TATCCTCTAAATCTGGA 


4864 


Male-sterile 
AP3 

Nicotiana tabacum 

LysSTerm 

AAG-TAG 


TCAGTAAncnAAGATCTCAAACnTGAGCAAAAAGAAAAAAAAAC 
TATGGCTCGTGGGTAGATCCAGATCAAGAGAATAGAGAACCAAAC 
AAACAGACAAGTCACTTAnCTAAGAGAA 


4865 


TTCTCTTAGAATAAGTGACTTGTCTGnTGTTTGGTTCTCTATTCTC 
TTGATCTGGATCTACCCACGAGCCATAGI 1 1 1 II 1 1 ICTmTGCTC 
AAAGnTGAGATCnAAGAATTACTGA 


4866 


CTCGTGGGIAGATCCAG 


4867 


CTGGATCTACCCACGAG 


4868 
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Male-sterile 
AP3 

Nicotiana tabacum 

GInTTerm 

CAG-TAG 


AnCTTAAGATCTCAAACTITGAGCAAAAAGAAAAAAAAACTATGGC 

TCGTGGGAAGATCTAGATCAAGAGAATAGAGAACCAAACAAACAGA. 

CAAGTCACnATTCTAAGAGAAGAAATG 


4869 


CATTTCTTCTCTTAGAATAAGTGACnGTCTGTTTGTTTGGnCTCT 
AnCTCnGATCTAGATCnCCCACGAGCCATAGI 1 1 1 1 1 1 1 ICTFT 
nGCTCAAAGTTTGAGATCnAAGAAT 


4870 


GGAAGATCIAGATCAAG 


4871 


CTTGATCTAGATCTTCC 


4872 


Male-sterile 
AP3 

Nicotiana tabacum 

LysQTerm 

AAG-TAG 


AAGATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTG 

GGAAGATCCAGATCTAGAGAATAGAGAACCAAACAAACAGACAAGT 

CACTTATTCTAAGAGAAGAAATGGACTTT 


4873 


AAAGTCCAnrCTrCTCnAGAATAAGTGACTTGTCTGnTGTTTGG 
TTCTCTAnCTCTAGATCTGGATCnCCCACGAGCCATAGI 1 1 II 1 1 
nCI 1 II IGCTCAAAGTrTGAGATCn 


4874 


TCCAGATCIAGAGAATA 


4875 


TAnCTCTAGATCTGGA 


4876 


Male-sterile 
APS 

Nicotiana tabaajm 

ArglOTerm 

AGA-TGA 


ATCTCAAACTTTGAGCAAAAAGAAAAAAAAACTATGGCTCGTGGGA 
AGATCCAGATCAAGTGAATAGAGAACCAAACAAACAGACAAGTCAC 
nAnCTAAGAGAAGAAATGGACTTTTCA 


4877 


TGAAAAGTCCATTTCTTCTCTTAGAATAAGTGACTTGtCTGTTTGTT 
TGGTTCTCTATTCACTTGATCTGGATCTTCCCACGAGCCATAGTrr 
1 1 1 1 1 IC II II IGCTCAAAGTrTGAGAT 


4878 


AGATCAAGIGAATAGAG 


4879 


CTCTAnCACnGATCT 


4880 


Male-sterile 
APS 

Medicago saSva 

Tyr21Term 

TAC-TAG 


GGCTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAA 
CAGACAAGTAACTTAGTCAAAACGAAGGGATGGTCTTTTCAAGAAG 
GCCAATGAGCTCACTGTTCnTGTGATGCT 


4881 


AGCATCACAAAGAACAGTGAGCTCATTGGCCTTCnGAAAAGACCA 
TCCCnCGTTTTGACTAAGTTACTTGTCTGnCGnGTGTTCTCTAT 
TCTCTTGATCTGGATCTTTCCTCGAGCC 


4882 


GTAACTTAfiTCAAAACG 


4883 


CGTnTGAfiTAAGTTAC 


4884 


Male-sterile 
APS 

Medicago sativa 

Ser22Term 

TCA-TGA 


CTCGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACA 

GACAAGTAACnACTGAAAACGAAGGGATGGTCTTTTCAAGAAGGC 

CAATGAGCTCACTGnCTTTGTGATGCTAA 


4885 


TTAGCATCACAAAGAACAGTGAGCTCATTGGCCnCnGAAAAGAC 
CATCCCTTCGTnrCAGTAAGTTACnGTCTGTTCGTTGTGTTCTCT 
ATTCTCTTGATCTGGATCTTTCCTCGAG 


4886 


AACTTACTGAAAACGAA 


4887 


nCGTTTTCAGTAAGTT 


4888 
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Male-sterile 
AP3 

Medicago safii/a 

Lys23Term 

AM-TAA 


CGAGGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGA 
CAAGTAACTTACTCATAACGAAGGGATGGTCTTTTCAAGAAGGCCA 

ATGAGCTCACTGTTCTTTGTGATGCTAAGG 


4889 


CCnAGCATCACAAAGAACAGTGAGCTCAnGGCCnCnGAAAAG 
ACCATCCCTTCGTTATGAGTAAGTTACTTGTCTGTTCGTrGTGTTCT 
CTATTCTCTTGATCTGGATCnTCCTCG 


4890 


CnACTCAIAACGAAGG 


4891 


CCnCGHATGAGTAAG 


4892 


Male-sterile 
AP3 

Medicago sativa 

Arg24Term 

CGA-TGA 


GGAAAGATCCAGATCAAGAGAATAGAGAACACAACGAACAGACAA 
GTAACTTACTCAAAATGAAGGGATGGTCTTTTCAAGAAGGCCAATG 
AGCTCACTGTTCTnGTGATGCTAAGGTTT 


4893 


AAACCnAGCATCACAAAGAACAGTGAGCTCATTGGCCnCTTGAA 
AAGACCATCCCTTCAirrTGAGTAAGTTACTTGTCTGnCGTTGTGT 
TCTCTATTCTCnGATCTGGATCTTTCC 


4894 


ACTCAAAAIGAAGGGAT 


4895 


ATCCCnCATTTTGAGT 


4896 


Male-sterile 
DEF4 

Solanum tuberosum 

Tyr21Term 

TAT-TAG 


GGCTCGTGGTAAGATCCAGAICAAGAAAATAGAAAACCAAACAAAT 

AGGCAAGTGACnAGTCAAAGAGAAGAAATGGGCTAnCAAGAAG 

GCTAATGAACTTACAGTTCTTTGTGATGCT 


4897 


AGCATCACAAAGAACTGTAAGnCAnAGCCTTCnGAATAGCCCA 
TTTCTTCTCnTGACTAAGTCACTTGCCTATTTGrrTGGTnrCTAn 
nCnGATCTGGATCnACCACGAGCC 


4898 


GTGACTTAGTCAAAGAG 


4899 


CTCTTTGACTAAGTCAC 


4900 


Male-sterile 
DEF4 

Solanum tuberosum 

Ser22Term 

TCA-TGA 


CTCGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAG 
GCAAGTGACTTAnGAAAGAGAAGAAATGGGCTATTCAAGAAGGCT 
AATGAACTTACAGTTCTTTGTGATGCTAA 


4901 


TTAGCATCACAAAGAACTGTAAGnCATTAGGCTTCTTGAATAGCC 
CATTTCTTCTCTTTCAATAAGTCACTTGCCTATTrGnTGGI 1 1 ICTA 
1 1 1 ICnGATCTGGATCTTACCACGAG 


4902 


GACTTATTGAAAGAGAA 


4903 


TTCTCTTTCAATAAGTC 


4904 


Male-sterite 
DEF4 

Solanum tuberosum 

Lys23Term 

AAG-TAG 


CGTGGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGC 
AAGTGACnATTCATAGAGAAGAAATGGGCTATTCAAGAAGGCTAA 
TGAACTTACAGTTCTTTGTGATGCTAAAG 


4905 


CTTTAGCATCACAAAGAACTGTAAGnCAnAGCCTTCTTGAATAGC 
CCATTTCnCTCTATGAATAAGTCACTTGCCTATTTGTTTGGTnrC 
TA II 1 1 CTTGATCTGGATCTTAGCACG 


4906 


CTTATTCAIAGAGAAGA 


4907 


TCnCTCTATGAATAAG 


4908 
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Ma!e-steri!e 
DEF4 

Solanum tuberosum 

Arg24Term 

AGA-TGA 


GGTAAGATCCAGATCAAGAAAATAGAAAACCAAACAAATAGGCAAG 
TGACTTAnCAAAGTGAAGAAATGGGCTAnCAAGAAGGCTAATGA 
ACnACAGTTCTTTGTGATGCTAAAGnT 


4909 


AAACTTTAGCATCACAAAGAACTGTAAGTTCATTAGCCTTCTTGAAT 
AGCCCATTTCTTCACTTTGAATAAGTCAGnGCCTATTTGrrTGGn 
nCTAI 1 1 ICnGATCTGGATCTTACC 


4910 


AHCAAAGIGAAGAAAT 


4911 


ATTTCnCACTTTGAAT 


4912 


Male-sterile 
AP3 

Lycopersicon 
esculer)tum 
Gly27Term 
GGA-TGA 


GCTAATGAACTTACTGTTCI ITGTGATGCTAAAGTTTCAATTGnAI 

GATnCTAGTACTTGAAAACnCATGAGTrTATAAGTCCCTCTATCA 

CGACCAAACAAnGTTCGATCTGTACC 


4913 


GGTACAGATCGAACAAnGTTTGGTCGTGATAGAGGGACnATAAA 
CTCATGAAGI 1 1 ICAAGTACTAGAAATCATAACAATTGAAACnTAG 
CATCACAAAGAACAGTAAGnCATTAGC 


4914 


CTAGTACTTGAAAACn 


4915 


AAGTTTTCAAGTACTAG 


4916 


Male-sterile 
AP3 

Lycopersicon 
esculenium 
Lys28Term 
AAA-TAA 


AATGAACTTACTGTTCTTTGTGATGCTAAAGTTTCAATTGTTATGAT 

TTCTAGTACTGGATAACnCATGAGTTTATAAGTCCCTCTATCACGA 

CCAAACAATTGTTCGATCTGTACCAGA 


4917 


TCTGGTACAGATCGAACAATTGTTTGGTCGTGATAGAGGGACTTAT 
AAACTCATGAAGTTATCCAGTACTAGAAATCATAACAATTGAAACTT 
TAGCATCACAAAGAACAGTAAGnCATT 


4918 


GTACTGGAIAACnCAT 


4919 


ATGAAGTTATCCAGTAC 


4920 


Male-sterile 
APS 

Lycopersicon 
esculenium 
Glu31Term 
GAG-TAG 


ACTGTTCTTTGTGATGCTAAAGTrrCAATTGTTATGATTTCTAGTAC 

TGGAAAACTTCATTAGTTTATAAGTCCCTCTATCACGACCAAACAAT 

TGTTCGATCTGTACCAGAAGACTATTG 


4921 


CAATAGTCTTCTGGTACAGATCGAACAAnGTTTGGTCGTGATAGA 
GGGACTTATAAACTAATGAAGmrCCAGTACTAGAAATCATAACAA 
TTGAAACTTTAGCATCACAAAGAACAGT 


4922 


AACTTCATIAGTTTATA 


4923 


TATAAACTAATGAAGTT 


4924 


Male-sterile 
AP3 

Lycopersicon 
esojlenium 
Lys40Term 
AAA-TAA 


ATTGTTATGATTTCTAGTACTGGAAAACnCATGAGTTTATAAGTCC 
CTCTATCACGACCTAACAATTGnCGATCTGTACCAGAAGACTATT 
GGAGTTGATATrTGGACTACTCACTATG 


4925 


CATAGTGAGTAGTCCAAATATCAACTCCAATAGTCnCTGGTACAG 
ATCGAACAATTGTTAGGTCGTGATAGAGGGACTTATAAACTCATGA 
AGTTTTCCAGTACTAGAAATCATAACAAT 


4926 


TCACGACCIAACAATTG 


4927 


CAAHGnAGGTCGTGA 


4928 
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Male-sterile 
AP3 

TriScum aesSvum 

Tyr21Term 

TAC-TAG 


GGGGCGGGGGAAGATTGAGA 1 AAAGCGGATCGAGAACGCCACCA 
ACAGGCAGGTGACCTAGTCCAAGCGCCGGTCGGGGATCATGAAG 
AAGGCGCGGGAGCTCACCGTGCTCTGCGACGCC 


4929 


GGCGTCGCAGAGCACGGTGAGCTCCCGCGCCnCTTCATGATCC 
CCGACCGGCGCTTGGACTAGGTCACCTGCCTGnGGTGGCGTTC 
TCGATCCGCTTTATCTCAATCnCCCCCGCCCC 


4930 


GTGACCTAGTCCAAGCG 


4931 


CGCnGGACTAGGTCAC 


4932 


Male-sterile 
AP3 

Wcum aestivum 

Lys23Term 

AAG-TAG 


CGGGGGAAGATTGAGATAAAGCGGATCGAGAACGCCACCAACAG 
GCAGGTGACCTACTCCTAGCGCCGGTCGGGGATCATGAAGAAGG 
CGCGGGAGCTCACCGTGCTCTGCGACGCCCAGG 


4933 


CCTGGGCGTCGCAGAGCACGGTGAGCTGCCGCGCCnCTTCATG 
ATCCCCGACCGGCGCTAGGAGTAGGTCACCTGCCTGTTGGTGGC 
GTTCTCGATCCGCTrTATGTCAATCTTCCCCCG 


4934 


CCTACTCCIAGCGCCGG 


4935 


CCGGCGCTAGGAGTAGG 


4936 


Male-sterile 
AP3 

Triticum aesSvum 

Ser26Term 

TCG-TAG 


nGAGATAAAGCGGATCGAGAACGCCACCAACAGGCAGGTGACCT 
ACTCCAAGCGCCGGTAGGGGATCATGAAGAAGGCGCGGGAGCTC 

ACCGTGCTCTGCGACGCCCAGGTCGCCATCAT 


4937 


ATGATGGCGACCTGGGCGTCGCAGAGCACGGTGAGCTCCCGCGC 

CTTCnCATGATCCCCTACCGGCGCnGGAGTAGGTCACCTGCCT 

GnGGTGGCGTTCTCGATCCGCnTATCTCAA 


4938 


GCGCCGGTAGGGGATCA 


4939 


TGATCCCCTACCGGCGC 


4940 


Male-sterile 
AP3 

TriScum aestivum 

Lys30Term 

AAG-TAG 


CGGATCGAGAACGCCACCAACAGGCAGGTGACCTACTCCAAGCG 
CCGGTCGGGGATCATGTAGAAGGCGCGGGAGCTCACCGTGCTCT 
GCGACGCCCAGGTCGCCATCATCATGTrCTCCT 


4941 


AGGAGAACATGATGATGGCGACCTGGGCGTCGCAGAGCACGGTG 
AGCTCCCGCGCCTTCTACATGATCCCCGACCGGCGCTTGGAGTA 
GGTCACCTGCCTGTTGGTGGCGTTCTCGATCCG 


4942 


GGATCATGIAGAAGGCG 


4943 


CGCCTTCTACATGATCC 


4944 


Male-sterile 

Silkyi 

Zeamays 

Tyr21Term 

TAC-TAG 


GGGGCGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACCA 
ACCGCCAGGTGACCTAGTCCAAGCGCCGGACGGGGATCATGAA6 
AAGGCACGCGAGCTCACCGTGCTCTGCGACGCC 


4945 


GGCGTCGCAGAGCAGGGTGAGCTCGCGTGCCTrCTTCATGATCC 
CCGTCCGGCGCTTGGACTAGGTCACCTGGCGGTTGGTGGCGTTC 
TCGATCCGCTTGATCTCGATCTTGCCGCGCCCC 


4946 


GTGACCTAGTCCAAGCG 


4947 


CGCnGGAfiTAGGTCAC 


4948 
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Male-sterile 
Silky! 
Zea mays 
Lys23Term 
AAG-TAG 


CGCGGCAAGATCGAGATCAAGCGGATCGAGAACGCCACrAACrtt 
GCAGGTGAGGTACTGGTAGGGGGGGACGGGGATCATGAAGAAGG 
GAGGGGAGGTGAGGGTGGTGTGGGACGGGCAGG 




CGTGGGCGTCGCAGAGCACGGrGAGCTCGCGTGCCTTCTTCATG 
ATGGGCGTGCGGGGCTAGGAGTAGGTGAGCTGGGGGTTGGTGGC 
GTTGTCGATGCGGTTGATCTCGATGnGGGGCG 


4950 


GCTAGTCGIAGCGGCGG 


4951 

~^w 1 


CCGGCGCTAGGAGTAGG 


4952 


Male-sterile 
Silkyi 
Zea mays 
Lys30Term 
AAG-TAG 


GGGATCGAGAACGCGACCAACCGCCAGGTGAGGTACTGGAAGGG 
GGGGACGGGGATCATGTAGAAGGGACGCGAGGTGACCGTGCTCT 
GCGACGCCCAGGTGGGGATGATGATGnGTCGT 


4953 


AGGAGAAGATGATGATGGCGAGGTGGGGGTCGGAGAGCAGGGTG 
AGCTCGCGTGCCnCTACATGATCCCCGTCCGGCGCTrGGAGTAG 
GTGAGCTGGGGGTTGGTGGCGTTGTGGATCCG 


4954 


GGATGATGIAGAAGGGA 


4955 


TGGCTTGTAGATGATGG 


4956 


Male-sterile 
Silkyi 
Zea mays 
LysSITerm 
AAG-TAG 


ATGGAGAAGGCGAGGAAGGGGGAGGTGAGCTAGTCCAAGGGGGG 
GAGGGGGATGATGAAGIAGGCACGGGAGGTGACGGTGCTCTGGG 
ACGGCCAGGTCGGCATCATGATGTTGTGGTCCA 


4957 


TGGAGGAGAACATGATGATGGCGACCTGGGCGTCGCARAfirAPR 

GTGAGCTCGGGTGCGTACTTCATGATGCGCGTGGGGCGCTTGGA 

GTAGGTCACGTGGGGGTTGGTGGGGnGTGGAT 




TGATGAAGTAGGCACGC 




GCGTGCCTACTTCATGA 




APS 

Oryza sativa 

LysSTerm 

AAG-TAG 


GC'I'AGCTGCATTGTCCGGCGAGAGAGAIAGCTGCTGCAGGGGGC 
GGGCATGGGGAGGGGGTAGATGGAGATGAAGGGGATCGAGAACG 
CGAGGAAGAGGGAGGTGAGGTAGTGGAAGGGCG 


4961 


GGCGCTTGGAGTAGGTCACCTGCCTGTTGGTCGCGTTCTCGATCC 

GCTTGATGTGGATGTAGCCGGTGGGGATGGGGGCCCCCTGCAGC 

AGGTATCTGTCTGGCGGGAGAATGGAGGTAGC 


4962 


GGAGGGGGTAGATGGAG 


4963 


GTGGATCTAGGCCCTCG 


4964 


Male-sterile 
APS 

Oryza sativa 

GluTTerm 

GAG-TAG 


TGGATTGTGGGGGGAGAGAGATAGGTGGTGCAGGGGGCGGCGAT 
GGGGAGGGGCAAGATCTAGATCAAGCGGATCGAGAAGGGGACCA 
ACAGGCAGGTGAGGTAGTGGAAGGGGCGGAGGG 


4965 


GGGTGCGGGGGTTGGAGTAGGTGAGGTGGGTGTTGGTCGGGnGT 
GGATCCGCTTGATCTAGATCTTGCCCCTCCGCATGGGCGGGGGCT 
GGAGGAGGTATCTGTCTGGCCGGACAATGCA 


4966 


GGAAGATGIAGATGAAG 


4967 


GnGATCTAGATCTTGC 


4968 
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Male-sterile 
AP3 

Oryza sa^a 


GTCCGGCGAGAGAGATAGCTGCTGCAjGGGGGCGGCCATGGGGA 
GGGGCAAGATCGAGATCTAGCGGATCGAGAACGCGACCAACAGG 
CAGGTGACCTACTCGAAGCGCCGCACGGGGATCA 


4969 


Lys9Term 
AAG-TAG 


TGATCCCCGTGCGGCGCnCGAGTAGGTCACCTGCCTGTTGGTC 

GCGTTCTCGATCCGCTAGATCTCGATCTTGCCCCTCCCCATGGCC 

GCCCCCTGCAGCAGCTATCTCTCTCGCCGGAC 


4970 




TCGAGATCIAGCGGATC 


4971 




GATCCGCTAGATCTCGA 


4972 


Male-sterile 
AP3 

Oryza sativa 


GAGAGATAGCTGCTGCAGGGGGCGGCCATGGGGAGGGGCAA6A 

TCGAGATCAAGCGGATCTAGAACGCGACCAACAGGCAGGTGACCT 

ACTCGAAGCGCCGCACGGGGATCATGAAGAAGG 


4973 


Glu12Term 
GAG-TAG 


CCTTCTTCATGATCCCCGTGCGGCGCnCGAGTAGGTCACCTGCC 

TGnGGTCGCGnCTAGATCCGCnGATCTCGATCnGCCCCTCC 

CCATGGCCGCCCCCTGCAGCAGCTATCTCTC 


4974 




AGCGGATCIAGAACGCG 


4975 




CGCGnCTAGATCCGCT 


4976 


Table 15 

Oligonucleotides to produce male-sterile plants 




''Flpnol^e»,(?eite,,, 
'''j!''AIferatfOn 


" '■• \ ' ;Alterfng 01100$ V ■ '. 


mi 


Male-sterile 
AG 

Afabidopsis Mliana 


ICIGIACIAAICAAAI 1 1 IGCCCIAAACGI 1 1 1 IGGCI 1 IGGAGGA 
GCAATCACGGCGTAGCAATCGGAGCTAGGAGGAGATTCCTCTCC 
CnGAGGAAATCTGGGAGAGGAAAGATCGAA 


4977 


TyrSSTerm 
TAC-TAG 


TTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCCT 
CCTAGCTCCGAnGCTACGCCGTGATTGCTGCTCCAAAGCCAAAA 
ACGTTTAGGGCAAAATTTGAnAGTACAGA 


4978 




ACGGCGTAGCAATCGGA 


4979 




TCCGATTGCTACGCCGT 


4980 


Male-sterile 
AG 

Arabidopsis Mliana 


CTGTACTAATCAAAI 1 1 IGCCCIAAACGI N IIGGCII FGGAGCAG 
CAATCACGGCGTACTAATCGGAGGTAGGAGGAGAnCCTCTCCCT 
TGAGGAAATCTGGGAGAGGAAAGATCGAAA 


4981 


Gln36Term 
CAA-TAA 


TTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAATCTCC 
TCCTAGCTCCGATTAGTACGCCGTGATTGCTGCTCCAAAGCCAAA 
AACGTrTAGGGGAAAATTTGATTAGTACAG 


4982 




CGGCGTACTAATCGGAG 


4983 




CTCCGAnAGTACGCCG 


4984 
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r . AHepation 






s ^ ^ > ' . ^ $ s ^ L ^ ^ 


NO; : 


(wdiG'-sienic 
AG 

Arabidopsis thaliana 


A r^T A ATP A A ATTTTrT^r^PT A A APr^l 1 1 1 1 O/^/^ 1 1 1 r^/^ A PP A PP A AT 

AU 1 MA 1 UAAA N N booU 1 AAAOb 1 1 1 1 1 bbo 1 1 1 buAoOAbL/AAl 

CACGGCGTACCAATAGGAGCTAGGAGGAGATTCCTCTCCCnGA 

GGAAATGTGGGAGAGGAAAGATCGAAATCAA 


4yoo 


oero/ ierin 
TCG-TAG 


TTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGAAT 
CTCCTGCTAGCTCCTAnGGTACGCCGTGATTGCTGGTCCAAAGC 
CAAAAACGTTTAGGGCAAAATTTGAnAGT 


4986 




/"^"T* A A AT* A /^^T A ^ 

GTACCAATAGGAGCTAG 


4987 


— 


CTAGCTCCTATTGGTAC 


it AAA 

4988 


Male-sterile 
AG 

Arabidopsis thaliana 


T A AXr^ A A AT I 1 1 /^O/^/^TA A A r^f^"l T'l'TT/^OO' 1 1 1 A A r^f^ A AT/^ A 

TAATLAAAl 1 1 IGCCCTAAACG 1 II II GGCTTT GGAGCAGCAATCA 

CGGCGTACCAATCGTAGCTAGGAGGAGAnCCTCTCCCTrGAGGA 

AATCTGGGAGAGGAAAGATCGAAATCAAAC 


4989 


GiuooTerm 
GAG-TAG 


GTTTGATTTCGATCTTTCCTCTCCCAGATTTCCTCAAGGGAGAGGA 

ATCTCCTCCTAGCTACGATTGGTACGCCGTGATTGCTGCTCCAAA 

GCCAAAAACGTITAGGGCAAAAmGAnA 


4990 




ACCAATCGTAGGTAGGA 


4991 




TCCTAGCTACGATTGGT 


4992 


Male-sterile 
AG 

Brassica napus 


CTCTCCCACTTCj 1 1 1 CGGTGGTTT ATTCATTT GGTGACGATATCA 

CAGAAGCAATGGATTAAGGTGGGAGTAGTCACGATGCAGAGAGTA 

GCAAGAAGATAGGTAGAGGGAAGATAGAGA 


A AAO 

4993 


GluoTerm 
GAA-TAA 


TCTCTATGTTCCCTCTACCTATCTTCTTGCTACTCTCTGCATCGTG 
ACTACTCCCACCTTAATCCAnGCnCTGTGATATCGTCACCAAAT 
GAATAAACCACCGAAAAGAAGTGGGAGAG 


4994 




A AT^^ATTA A /^/^T"/^/^/^ 

CAATGGATTAAGGTGGG 


4995 




CCCACCTTAATCCATTG 


4996 


Male-sterile 
AG 

Brassica napus 


lAIIGAil IGGTGACGATATCACAGAAGCAATGGATGAAGGTGGG 

AGTAGTCACGATGCATAGAGTAGCAAGAAGATAGGTAGAGGGAAG 

ATAGAGATAAAGAGGATAGAGAACACAACAA 


4997 


GlunTerm 
GAG-TAG 


TTGTTGTGTTGTCTATCCTCTTTATCTCTATCTTCCCTCTACCTATC 
TTGTTGCTACTCTATGCATCGTGACTACTCCCACCnCATCCAnG 
CnCTGTGATATCGTCACCAAATGAATA 


4998 




A AT^^ A ^A ^ A A 

AGGATGCATAGAGTAGG 


4999 




GCTACTCTATGCATCGT 


5000 


Male-sterile 
AG 

Brassica napus 


/^OTO A AT AT/^ A O A ^ A A /^/^ A AT/^/> A T"/^ A A /^/^T^/^/^ A /^T A /"» 1 A 

GGTGACGATATCACAGAAGCAATGGATGAAGGTGGGAGTAGTCA 

CGATGCAGAGAGTAGCTAGAAGATAGGTAGAGGGAAGATAGAGAT 

AAAGAGGATAGAGAACACAACAAATCGTCAAG 


r* AAil 

5001 


Lys14Term 
AAG-TAG 


CTTGACGATTTGTTGTGnCTCTATCCTCTTTATCTCTATCTTCCCT 
CTACCTATCrrCTAGCTACTCTCTGCATCGTGACTACTCCCACCn 
CATCCATTGCTTCTGTGATATCGTCACC 


5002 




AGAGTAGCTAGAAGATA 


5003 




TATCTTCTAGCTACTCT 


5004 
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f j.^> i ft [T0i|% AT fft tt' '■'S- S ^ 


' ^' sx<s'/' ' <^ ^"5^?=='%^ ' * -"'A 1 

^^ /' s ' J '-S t' / 1: J : ^ ; ^ ! ^ i; v - - ' • l- < 

; w v ? ^ w ^..w^-.,. ^ /• ^ , ^ ? A < i 'V.? i...-^ ''. ' A. . y . . :t J 


...^.v.i. r-.f^ 


Male-sterile 

AG 

Brassica napus 


GACGaTaTCACAGMGCMTGGATGMGGTGGGAGTAGTCACGAT 
6CAGAGAGTAGCAAGTAGATAGGTAGAGGGAAGATAGAGATAAAG 
AGGAJAGAGPACACAkCAfiMCGJCAAGJPA 


5005 


Lvs15Ternn 

k y w 1 w 1 wl III 

AAG-TAG 


TTACTTGACGATTTGTTGTGTTCTCTATCCTCTTTATCTCTATCTTG 

CCTCTACCTATCTACTTGCTACTCTCTGCATCGTGACTACTCCCAC 

CTTCATCCAnGCnCTGTGATATCGTC 


5006 




GTAGCAAGTAGATAGGT 


5007 




ACCTATCTACTTGCTAC 


5008 


Male-sterile 
AG 

Lycopersicon 


GAACCAAAAAACnAAAAATCnCTCTrTCCTTTCGTTACAAGGTGA 
AGTAATGGACnCTAAAGTGATCTAAGCAGAGAGATCTCACCACAA 
AGGAAACTAGGAAGGGGGAAAAHGAGA 


5009 


esculentum 

Glu4Term 

CAA-TAA 


1 C 1 CAA 1 1 1 1 CCCCC 1 1 CC 1 AG 1 1 1 CCri 1 G 1 GGTGAGATGTCTCT 
GGnAGATCACTrTAGAAGTCCATTACnCACCTTGTAAGGAAAGG 
AAAGAGAAGAI 1 1 1 lAAGI 1 1 1 1 IGGTTG 


5010 




TGGACTTCIAAAGTGAT 


5011 




ATCAGTTTAGAAGTCCA 


5012 


Male-sterile 
AG 

Lycopersicon 


AAAATCnCTCTnCCTTTCCTTACAAGGTGAAGTAATGGACTTCC 
AAAGTGATCTAACCTGAGAGATCTCAGCACAAAGGAAAGTAGGAA 
GGGGGAAAAnGAGATCAAAAGGATGGAAA 


5013 


esculentum 

ArgQTerm 

AGA-TGA 


mGGATCCTmGATCTCAATTTTCCCCCTTCCTAGTTTGCTTTGT 
GGTGAGATCTCTCAGGTTAGATCACTTTGGAAGTCGAnACnGAC 
GnGTAAGGAAAGGAAAGAGAAGATTTT 


5014 




ATCTAACGIGAGAGATC 


5015 




GATCTCTCAGGTTAGAT 


5016 


Male-sterile 
AG 

Lycopersicon 


ATCTTCTGTrTGGTrTCCTTACAAGGTGAAGTAATGGACTTCGAAA 
GTGATGTAACGAGATAGATCTCACCAGAAAGGAAAGTAGGAAGGG 
GGAAAATTGAGATCAAAAGGATCGAAAACA 


5017 


esculentum 
GlulOTerm 
GAG-TAG 


IGI 1 1 ICGAICCI 1 1 IGAICICAAI 1 1 ICCCCCI ICCIAGI 1 IGGI 1 
TGTGGTGAGATGTATCTGGnAGATCACTrTGGAAGTCCATTACTT 
CACCnGTAAGGAAAGGAAAGAGAAGAT 


5018 




TAACCAGAIAGATCTCA 


5019 




TGAGATCTATCTGGTTA 


5020 


Male-sterile 
AG 

Lycopersicon 


CrrTCCTTTCCTTACAAGGTGAAGTAATGGACTTCCAAAGTGATCT 
AACCAGAGAGATCTGACCACAAAGGAAACTAGGAAGGGGGAAAAT 
TGAGATGAAAAGGATCGAAAACACGACGAA 


5021 


esculentum 
Ser12Term 
TCA-TGA 


nCGTCGTGTmCGATCCTTTTGATGTCAATnTGCCCCrrCCTA 

GTrTCCTTTGTGGTCAGATCTCTCTGGTTAGATCAGTTTGGAAGTG 

GAnACTTCACCnGTAAGGAAAGGAAAG 


5022 




AGAGATGTGACCAGAAA 


5023 
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mm 

r mi 

;.< 1..J... .. 




TTTGT6GTCAGATCTCT 


5024 


Male-sterile 
NAG1 

Nicotiana tabacum 


G 1 AG 1 C 1 U 1 A 1 1 11 CATCTTCCAACCCnTCTTTCCTTACCAGGTGA 
AAGTATGGACTTCTAAAGTGATCTAACAAGAGAGATCTCTCCACAA 
AGGAAACTGGGAAGAGGAAAGATTGAGA 


5025 


Gln4Term 
CAA-TAA 


TCTCAATCTTTCCTCTTCCCAGTTTCCTTTGTGGAGAGATCTCTCT 
TGTTAGATCACnTAGAAGTCCATACmCACCTGGTAAGGAAAGA 
AAGGGTTGGAAGATGAAAATAGAGAGTAC 


5026 




TGGACTTCIAAAGTGAT 


5027 




ATCACTTTAGAA6TCCA 


5028 


IVICUC OLCMIC 

NAG1 

Nicotiana tebaaim 


AAAGTGATCTAACATGAGAGATCTCTCCACAAAGGAAACTGGGAA 
GAGGAAAGAHGAGATCAAACGGATCGAAA 




ArgQTerm 
AGA-TGA 


TTTCGATCCGTTTGATCTCAATCTTTCCTCTTCCCAGTrrCCTTTGT 
GGAGAGATCTCTCATGTrAGATCACTTTGGAAGTCCATACTTTCAC 
CTGGTAAGGAAAGAAAGGGTTGGAAGAT 


5030 




ATCTAACATGAGAGATC 


5031 




GATCTCTCATGTTAGAT 


5032 


Male-sterile 
NAG1 

Nicotiana tabacum 


TTCCAACCCTTTCTTTCCTTACCAGGTGAAAGTATGGACTTCCAAA 
GTGATCTAACAAGATAGATCTCTCCACAAAGGAAACTGGGAAGAG 
GAAAGATTGAGATCAAACGGATCGAAAACA 


5033 


GlulOTerm 
GAG-TAG 


TGTTTTCGATCCGTTTGATCTCAATGTTTCCTCTTCCCAGTTTCCTT 
TGTGGAGAGATCTATCnGnAGATCACTTTGGAAGTCCATACTTT 
CACCTGGTAAGGAAAGAAAGGGnGGAA 


5034 




TAACAAGATAGATCTCT 


5035 




AGAGATCTATCTTGTTA 


5036 


Male-sterile 
MAGI 

Nicotiana tabacum 


CI 1 ICCI lACCAGGTGAAAGTATGGACTTCCAAAGTGATCTAACAA 
GAGAGATCTCTCCATAAAGGAAACTGGGAAGAGGAAAGATTGAGA 
TCAAACGGATCGAAAACACAACGAATCGTC 


5037 


Gln14Term 
CAA-TAA 


GACGATTCGTTGTGTTTTCGATCCGTTTGATCTCAATCTTTCCTCT 
TCCCAGTTTCCTTTATGGAGAGATCTCTCTTGTTAGATCACnTGG 
AAGTCCATACrrrCACCTGGTAAGGAAAG 


5038 




TCTCTCCATAAAGGAAA 


5039 

wWww 




TTTCCTTTATGGAGAGA 


5040 


Male-sterile 
AG 

Rosaliybrida 


GCCTATGAAAACAAACCCAACACGGTCCrrGGACGCtGATGCCCAA 
AGAAGATTGGGAAGGTGAAAGATCGAGATCAAGCGGATCGAAAAC 
ACCACCAATCGTCAAGTCACCnCTGCAAAA 


5041 


Gly22Tefm 
GGA-TGA 


TiTTGCAGAAGGTGACTTGACGAnGGTGGTGTTTTCGATCCGCT 

TGATCTCGATCnTCACCTTCCCAATCTTCTTTGGGCATCAGCGTC 

CAGGACCGTGnGGGTTTGrnrCATAGGC 


5042 




TGGGAAGGIGAAAGATC 


5043 




GATCTTTCACCTTCCCA 


5044 
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'/ 'ff-'"'- "rift i(ry/" '^''T:t^/M)Miii^/>--U'\U^.^ 




IvIoll^-oLcnic 

AG 

Rosa hybrida 

Lys23Term 

AAG-TAG 


TATGAAAACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGA 

AGAnGGGAAGGGGATAGATCGAGATCAAGCGGATCGAAAACAC 

CACCAATCGTCAAGTCACCnCTGCAAAAGGC 


5045 


GCCTTITGCAGAAGGTGACnGACGAnGGTGGTGTTTTCGATCC 

GCnGATCTCGATCTATCCCCTTCCCAATCTTCTTTGGGCATCAGC 

CTrrAfiRACnRTGTTGGGTTTGTTTTCATA 


5046 


GAAGGGGAIAGATCGAG 


5047 


CTCGATCTATCCCCnC 


5048 


Male-st6rile 
AG 

Rosa hybrida 

Glu25Term 

GAG-TAG 


AACAAACCCAACACGGTCCTGGACGCTGATGCCCAAAGAAGAnG 
GGAAGGGGAAAGATCIAGATCAAGCGGATCGAAAACACCACCAAT 
CGTCAAGTCACCTTCTGCAAAAGGCGCAATG 


5049 


CATTGGGCCTTTTGCAGAAGGTGACTTGACGAT 1 GG 1 GG 1 G 1 1 II 

CGATCCGCTTGATCTA6ATCTTTCCCCTTCCCAATCTTCTTTGGGC 

ATrAfirttTnrAfiRAnCGTGTTGGGTTTGTT 


5050 


GAAAGATCIAGATCAAG 


5051 


CTTGATCTAGATCTITC 


5052 


Male-steril6 

IVIWIiW WkWtllW 

AG 

Rosa h^rida 

Lys27 

AAG-TAG 


CCCAACACGGTCCTGGACGCTGATGCCGAAAGAAGATTGGGAAG 

GGGAAAGATCGAGATCTAGCGGATCGAAAACACCACCAATCGTCA 

AGTCACCTTCTGCAAAAGGCGCAATGGTTTGC 


5053 


GCAAACCAnGGGCCTTTTGCAGAAGGTGACTTGACGATTGGTGG 
TGI II ICGATCCGCTAGATCTCGATCTTTCCCCTTCCCAATCTTCT 
TTGGGCATCAGCGTCCAGGACCGTGTTGGG 


5054 


TGGAGATCIAGCGGATC 


5055 


GATCCGCTAGATCTCGA 


5056 


Male-sterile 
far 

AnMnum majus 

GInTTerm 

CAA-TAA 


CAATTGCCTG 1 1 II 1 Al 1 II 1 II 1 CI 1 1 II GACTAAGTAGAAATGGC 

GTCTCTAAGCGATTAATCGACCGAGGTATCGCCCGAGAGGAAAAT 

CGGGAGAGGAAAGATCGAGATCAAACGGA 


6057 


TCCGTTTGATCTCGATCTTTCCTCTCCCGATTiTCCTCTCGGGCGA 
TACCTCGGTCGATTAATCGCTTAGAGACGGCATTTCTACTTAGTCA 
AAAAGAAAAAAAATAAAAACAGGCAATTG 


5058 


TAAGCGATIAATCGACC 


5059 


GGTCGAnAATCGCnA 


5060 


Male-sterile 
far 

Antirrhinum majus 

GlulOTerm 

GAG-TAG 


GIIIIIAIIIIIIIICIIII IGACTAAGTAGAAATGGCGTCTCTAAG 
CGATCAATCGACCTAGGTATCGCCGGAGAGGAAAATCGGGAGAG 
GAAAGATCGAGATCAAACGGATCGAAAACA 


5061 


TGmTCGATCCGnTGATCTCGATCnTCCTGTCGGGATTTTGGT 

CTCGGGCGATACCTAGGTCGATTGATCGGTTAGAGACGCCATTTC 

TACTTAGTCAAAAAGAAAAAAAATAAAAAC 


5062 


AATCGACGTAGGTATCG 


5063 


CGATACCTAGGTCGATT 


5064 
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1 MO: 


Male-sterile 
far 

Antirrhinum majus 


TTTCTTTTTGACTAAGTAGAAATGGCGTCTCTAAGCGATCAATCGA 
CCGAGGTATCGCCCIAGAGGAAAATCGGGAGAGGAAAGATCGAG 
ATCAAACGGATCGAAAACAAAACAAATCAAC 


5065 


GluMTerm 
GAG-TAG 


GnGATTTGTTITGTTTTCGATCCGTTTGATCTCGATCTTrCCTCTC 

%^ • ■ till >^ III! ■ 1 1 1 >^srffi ■ ^J^J^^ III \ 1 1 ^^^^rt 1 III ^^^^ 1 1 

CCGATirrCCTCTAGGGCGATACCTCGGTCGAnGATCGCtTAGA 
GACGCCATTTCTACTTAGTCAAAAAGAAA 


\J\J\J\J 




TATCGCCCTAGAGGAAA 


\)\J\JI 




TTTCCTCTAGGGCGATA 




Male*sterile 
far 

Antirrhinum) majus 


1 1 IGACIAAGTAGAAATGGCGTCTCTAAGCGATtAATCGACfiGAG 
GTATCGCCCGAGAGGIAAATCGGGAGAGGAAAGATCGAGATCAA 
ACGGAlCGAPMCAAAACfiMlCAACAGGTTA 




Lys16Term 
AAA-TAA 


TAACCTGTTGATTTGTTTTGTTTTnftATrrfiTTTf^ATrTPrSATrTTT 

CCTCTCCCGATTTACCTCTCGGGCGATACCTCGGTCGAnGATCG 
CTTAGAGACGCCATiTCTACTTAGTCAAA 


OU/U 




CCGAGAGGTAAATHRfiG 


OU/ 1 




CCCGATTTACCTCTDfifi 




Male-sterile 
AG 

Cucumis sativus 


TGTCCAAGCATTATCAGTCACCACTCACAAGAATGATTAARGAAGA 
AGGAAAGGGTAAGTAGCAAATAAAGGGGATGnCCAGAATCAAGA 
AGAGAAGATGTCAGACTCGCCTCAGAGGAA 


Qyjl 0 


Leu21Term 
TTG-TAG 


TTCCTCTGAGGCGAGTCTGACATnTTrTrTTrTTRATTPTriRAArA 

TCCCCnTAnTGCIACnACCCTTTCCTTCnCCTTAATCAnCn 
GTGAGTGGTGACTGATAATGCTTGGACA 


OKliH 




GGGTAAGTAGCAAATAA 


OUfO 




TTATTTGCTACTTACrr 


OU/ 0 


AG 

Cucumis sativus 


TOr^A A ATT ATO A /^Tr» A r*r* A A OA A A AT"0 ATT* A A /^/^ A A A A 

1 OUAAOUA 1 1 A 1 OAo 1 OAOOAO 1 UAUAAbAATGATTAAGGAAGAAG 

GAAAGGGTAAGTTGIAAATAAAGGGGATGnCCAGAATCAAGAAG 

AGAAGATGTCAGACTCGCCTCAGAGGAAGA 


5077 


Gln22Term 
CAA-TAA 


TCTTCCTCTGAGGCGAGTCTGACAJCTTrTrTTCTTC^ATTrJC^C^AA 

CATCCCCTTTATTTACAACnACCCTTTCCncnCCTTAATCATTC 
TTGTGAGTGGTGACTGATAATGCTTGGA 






GTAAGTTGTAAATAAAG 






CTTTATTTACAACTTAC 


ouou 


Male-sterile 
AG 

Cucumis sativus 


CATTATCAGTCACCACTCACAAGAATGATTAAGGAAGAAGGAAAG 
GGTAAGTTGCAAATATAGGGGATGnCCAGAATCAAGAAGAGAAG 
ATGTCAGACTCGCCTCAGAGGAAGATGGGAA 


5081 


Lys24Term 
AAG-TAG 


TTCCCATCTrCCTGTGAGGCGAGTCTGACATGTTCTCTTCTTGAn 
CTGGAACATCCCCTATATTTGCAACnACCCnTCCnCTTCCTTA 
ATCATTCTTGTGAGTGGTGACTGATAATG 


5082 




TGCAAATATAGGGGATG 


5083 




CATCCCCTATA-nrTGCA 


5084 
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Ptienolylje, Seri^ 


( ..V- ' ^ /'/rr i ...r. < ..• ^-!..r.«i:r. 




Male-sterile 
AG 

Cucumis sativus 


CCACTCACAAGAATGATTAAGGAAGAAGGAAAGGGTAAGnGCAA 
ATAAAGGGGATGnCIAGAATCAAGAAGAGAAGATGTCAGACTCG 
CCTCAGAGGAAGATGGGAAGAGGAAAGATTG 


5085 


Gln28Term 
CAG-TAG 


CAATCTTTCCTCTTCCCATCTTCCTCTGAGGCGAGTCTGACATCTT 
CTCTTCTTGATTCTAGAACATCCCCnTATnGCAACTTACCCTTTC 
CTTCTTCCnAATCATTCTTGTGAGTGG 


5086 




GGATGTTCTAGAATCAA 


5087 




TTGATTCTAGAACATCC 


5088 


Male-sterile 
AG 

Zea mays 


CCACCACChCCkCCACCkCCACCkCCACkCCAlGCTCPACAJGM 
GACTGATCTGAGCTGAGGGCGGTCGTCCAAGGTCAAGGAGCAGG 
TGGCGGCGGCGCCGACGGGCTCCGGCGACAGG 


5089 


nv^lOTprm 

v/VO 1 V 1 CI 1 1 1 

TGC-TGA 


CCTGTCGCCGGAGCCCGTCGGCGCCGCCGCCAGCTGCTCCTTG 

ACCnGGACGACGGGCCTCAGCTCAGATCAGTCATCATGnGAGC 

ATGGTGTGGTGGTGGTGGTGGTGGTGGTGGTGG 


5090 




nTGAGCTGAGGGCCGTC 


5091 




nACRRCCCTCAGCTCAG 


5092 


Male-sterile 
AG 

Zea mays 


AppAr^OApr^ApPApnAPPAPAppATriPT^AAPATr^AT^APTr^ATP 
AUUAUUAOUAUOAUUAUUMuMv^k/A 1 vjo 1 OAAUA 1 oM I V3AL» 1 VjM 1 U 

TGAGCTGCGGGCCGTAGTCCAAGGTCAAGGAGCAGGTGGCGGC 
GGCGCCGACGGGCTCCGGCGACAGGCAGGGGCA 




Rpr1 3Term 

1 1 CI 1 1 1 

TCG-TAG 


TfinGGCTGGnTGTCGCCGGAGCCCGTCGGCGCCGCCGCCACCT 
GCTCCTTGACCTTGGACTACGGCCCGCAGCTCAGATCAGTCATCA 
TGTTGAGCATGGTGTGGTGGTGGTGGTGGTGGT 


5094 




CGGGCCGTAGTCCAAGG 


5095 




CCTTGGACTACGGCCCG 


5096 


Male-sterile 
AG 

Zea mays - 


CACCACCACCACCACACCATGCTCAACATGATGACTGATCTGAGC 
TGCGGGCCGTCGTCCTAGGTCAAGGAGGAGGTGGCGGCGGCGC 
CGACGGGCTCCGGCGACAGGCAGGGGCAGGGGA 


5097 


Lv^1 STerin 

l-jrO 1 V 1 III 

AAG-TAG 


TCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGCCGCCGG 
CACCTGCTCCTTGACCTAGGACGACGGCCCGCAGCTCAGATCAG 
TCATCATGnGAGCATGGTGTGGTGGTGGTGGTG 


5098 




CGTCGTCCTAGGTCAAG 


5099 




CTTGACCTAGGACGACG 


5100 


M2^le-steril6 
AG 

Zea mays 


CACCACCACACCATGCTCAACATGATGACTGATCTGAGCTGCGGG 
CCGTCGTCCAAGGTCTAGGAGCAGGTGGCGGCGGCGCCGACGG 
GGTCCGGCGACAGGCAGGGGCAGGGGAGAGGCA 


5101 


LyslTTerm 
AAG-TAG 


TGCCTCTCCCCTGCCCCTGCCTGTCGCCGGAGCCCGTCGGCGC 

CGCCGCCACCTGCTCCTAGACCnGGACGACGGCCCGCAGCTCA 

GATCAGTCATCATGnGAGCATGGTGTGGTGGTG 


5102 




CCAAGGTCIAGGAGCAG 


5103 




CTGCTCCTAGACCnGG 


5104 
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Mqrattoe - 






: 


SEQIDj 

r ^^^'^^^ 


Male-sterile 
AG 

Zea mays 
Arg4Term 
CGA-TGA 


TCCIACCI 1 1 ICTCCnCAGACCTCAAAATCTGTGTGATAGGAACA 
AGAGCATGCACATCTGAGAAGAGGAGGCTACACCATCCACAGTAA 
CAGGCATCATGTCGACCCTGACnCGGCGG 




CCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGATGGT 

GTAGCCTCCTCTTCTCAGATGTGCATGCTCTTGTTCCTATCACACA 

GATTTTGAGGTCTGAAGGAGAAAAGGTAGGA 


OlUO 


TGCACATCTGAGAAGAG 


0 lU/ 


CTCTTCTCAGATGTGCA 


51 Uo 


Male-sterile 
AG 

Zea mays 
Glu5Term 
GAA-TAA 


lACCI 1 i ICICCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGA 
GCATGCACATCCGATAAGAGGAGGCTACACCATCCACAGTAACAG 
GCATCATGTCGACCCTGACTTCGGCGGGGC 


5109 


GCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACTGTGGAT 
GGTGTAGCCTCCTCnATCGGATGTGCATGCTCTTGTTCCTATCA 
CACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAGGTA 


5110 


ACATCCGAIAAGAGGAG 


5111 


CTCCTCTTATCGGATGT 


5112 


Male-sterile 
AG 

Zea mays 
Giu6Term 
GAG-TAG 


CTnrCTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCA 
TGCACATCCGAGAATAGGAGGCTACACCATCCACAGTAACAGGCA 

TCATGTCGACCCTGACnCGGCGGGGCAGC 


olio 


GCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGnACTGTG 
GATGGTGTAGCCTCCTATTCTCGGATGTGCATGCTCTTGTTCGTA 
TCACACAGAI 1 1 1 GAGGTCTGAAGGAGAAAAG 


5114 


TCCGAGAAIAGGAGGCT 


CAAC 

5115 


AGCCTCCTAnCTCGGA 


CA A C 

5116 


Male-sterile 
AG 

Zea mays 
Glu7Term 
GAG-TAG 


TTGTCCTTCAGACCTCAAAATCTGTGTGATAGGAACAAGAGCATGG 
ACATCCGAGAAGAGTAGGCTACACCATCCACAGTAACAGGCATCA 
TGTCGACCCTGACnCGGCGGGGCAGCAGA 


Oil f 


TCTGCTGCCCCGCCGAAGTCAGGGTCGACATGATGCCTGTTACT 
GTGGATGGTGTAGCCTACTCnCTCGGATGTGCATGCTCnGTTC 

/^T A T/^ A A O A A 'I' I' 1 1'/^ A ^T^TO A A A r\ A A 

CTATCACACAGAI 1 1 1 GAGGTCTGAAGGAGAA 


5118 


GAGAAGAGIAGGCTACA 


5119 


TGTAGCCTACTCTTCTC 


C4 OA 

5120 


Male-sterile 
AG 

Oryza sativa 

LysSTerm 

AAG-TAG 


GCTGGGTCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGC 

GAGAAGATGGGGAGGGGGTAGATCGAGATAAAGCGGATCGAGAA 

CACGACGAACCGGCAGGTGACCnCTGCAAGCGCC 




GGCGCTTGCAGAAGGTCACCTGCCGGTrCGTCGTGTTCTCGATC 
CGCTTrATCTCGATCTACCCCCTCCCCATCTrCTCGCTGCTCCCC 
GCCGCCACCGCCGCCGACGATCGTGACCCAGC 


5122 


GGAGGGGGIAGATCGAG 


5123 


CTCGATCTACCCCCTCC 


5124 
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-4/ v-^- 


iviaje-sienie 
AG 

Oryza saf/Va 

Glu7Term 

GAG-TAG 


TCAGGATCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGA 
TGGGGAGGGGGAAGATCTAGATAAAGCGGATCGAGAACACGACG 
AACCGGCAGGTGACCTTCTGCAAGCGCCGCAATG 


5125 


CAnGCGGCGCnGCAGAAGGTCACCTGCCGGTTCGTCGTGnC 
TGGATGCGCTTTATCTAGATCTTCCCCCTCCCCATCTTCTCGCTG 
nrrrnfiflRRnCACCGCCGCCGACGATCCTGA 


5126 


GGAAGATCIAGATAAAG 


5127 


CTTTATCTAGATCnCC 


5128 


Mslp-<^tprii6 

IVICIIC Olwl IIW 

AG 

Oryza sativa 

LysQTerm 

AAG-TAG 


TCGTCGGCGGCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGG 

AGGGGGAAGATCGAGATATAGCGGATGGAGAACACGACGAACCG 

GCAGGTGACCnCTGCAAGCGCCGCAATGGCCTCC 


5129 


GGAGGCCATTGCGGCGCTTGCAGAAGGTCAGGTGCCGGnCGTC 
GTGTTCTCGATCCGCTATATCTCGATCTTCCCCCTCCCCATCTTCT 
rRrTftrinrrnfinnGCCiACCGCCGCCGACGA 


5130 


TCGAGATATAGCGGATC 


5131 "■ 


GATCCGCTATATCTCGA 


5132 


Mo|p_efprj|p 

AG 

Oryza sativa 

Glu12Term 

GAG-TAG 


GCGGTGGCGGCGGGGAGCAGCGAGAAGATGGGGAGGGGGAAG 
ATCGAGATAAAGCGGATCTAGAACACGACGAACCGGCAGGTGAC 

CTTCTGCAAGCGCCGCAATGGCCTCCTGAAGAAGG 


5133 


CCnCTTCAGGAGGCCATTGCGGCGCnGCAGAAGGTCACCTGC 
CGGTTCGTCGTGnCTAGATCCGCTTTATCTCGATCTTCCCCCTC 
CCCATCTTCTCGCTGCTCCCCGCCGCCACCGC 


5134 


AGCGGATCIAGAACACG 


5135 


CGTGTTCTAGATCCGCT 


5136 



Table 16 

Oligonucleotides to produce male-sterile plants 



|:pfnotype,Gene, : 


'Kl . , /' Altering Oirgb<i:l >f|;;-f ; 


1 SEOID 

j noi 


Male-sterile 
PI 

Cucumis saiivus 

Tyr21Term 

TAT-TAG 


GGGAAGAC5GGAAAAI AGAAAI AAAAAGAATAGAGAACTCAAGCAAT 
AGACAAGTTACATAGTGAAAGAGAAGAAATGGTATCATCAAAAAAG 
CCAAAGAAATTACTGnCTTTGCGATGCT 


5137 


AGCATCGCAAAGAACAGTAATTTCTTTGGCTTmTGATGATACCAT 
nCTTCTCnTGACTATGTAACTTGTCTAnGCTTGAGnCTCTATTC 
1 1 11 lAII ICIAII IICCCTCTTCCC 


5138 
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; praflt&Jargetetf: 
Alteragant 






kSEQID 
NO: 

; • / *j 




OTTT A ^ A "F A ^T/^ A A A ^ A ^ 

GTTACATAGTCAAAGAG 


5139 


CTCTTTGACTATGTAAC 


5140 


Male-sterile 
PI 

Cucumis sativus 

Ser22Temi 

TCA-TGA 


ACAAGTTACATAnOAAAGAGAAGAAATGGTATCATCAAAAAAGCC 
AAAGAAAnACTGTTCTTTGCGATGCTCA 


5141 


Tri AriP ATPr^ P A A A A AP A /"iT A ATTTPTTT^i/'iPTTTTTT^'i ATr* AT A PP 
1 vjAVjUM I L>oU/W\vjAAOMV3 I MM i I 1 0 1 1 1 ooLf 1 1 M i 1 VjMI vjM 1 ML»0 

ArrrCTTCTCTTTCAATATGTAACTTGTCTATTGCTTGAGTTCTCTAT 
TCI 1 II lAI 1 ICIAI II ICCCTCTTC 


5142 


"T" A ^ A TT A 1 1 /\ AAA A A A 

TACATATTGAAAGAGAA 


5143 


nCTCTTTCAATATGTA 


5144 


Male-sterile 
PI 

Cucumis sab'vus 

Lys23Term 

AAG-TAG 


AGAGGGAAAATAGAAATAAAAAGAATAGAGAACTCAAGCAATAGAC 
AAGTTACATAnCATAGAGAAGAAATGGTATCATCAAAAAAGCCAAA 
GAAATTACTGnCTTTGCGATGCTCAAG 


5145 


CI IGAGCAICGCAAAGAACAC51AAI 1 ICI 1 IGGCI 1 11 TTRATGATA 
CCATTTCTTCTCTATGAATATGTAACTTGTCTATTGCnGAGTTCTC 
TATTCI II IIAI 1 ICIAI 1 1 ICCCTCT 


5146 


PATATTPATAPAPA APA 


5147 


TCnCTCTATGAATATG 


5148 


Male-sterile 
PI 

Cucumis sativus 

Arg24Term 

AGA-TGA 


r^/^/^AA A ATA^A A ATAA A A A/^AATAr^A^iA APTPA AOPAATAPAPA AP 
booMMMM 1 MV3MAM 1 N\P^^^voi\i\ \ MoMoMAU 1 UMMoUMM 1 AoMUAMu 

HACATAnCAAAGTGAAGAAATGGTATCATCAAAAAAGCCAAAGAA 
ATTACTGnCTTTGCGATGCTCAAGTTT 


5149 


AAA CTTCl A Clt^ ATt^nf^ AAAPAAPA /^T A A 1 1 1 P 1 1 1 PPP 1 1 1 1 1 1 P ATP 
MMML» 1 1 oAbOM 1 OoLrAMAvpAMUMlj 1 MA 1110111 obu 1 1 M 1 1 oA 1 b 

ATACCAnrCTTCACTTTGAATATGTAACnGTCTAnGCTTGAGTT 
CTCTATTCI II IIAI 1 ICIAI IIICCC 


5150 


ATTCAAAGTGAAGAAAT 


5151 


ATTTCnCACTTTGAAT 


5152 


Male-sterile 
PI 

Malus domesiica 

Tyr21Term 

TAC-TAG 


GGGACGTGGGAAGGTTGAGATCAAGAGGATTGAGAACTCAA6TAA 
CAGGCAGGTGACCTAGTCCAAGAGGAGGAATGGGATTATCAAGAA 
GGCAAAGGAGATCACTGTTCTATGTGATGCT 


5153 


AGCATCACATAGAACAGTGATCTCCTTTGCCTTCnGATAATCCCA 
nCCTCCTCTTGGACTAGGTCACCTGCCTGTTACTTGAGTTCTCAA 
TCCTCTTGATCTCAACCnCCCACGTCCC 


5154 


GTGACCTAGTCCAAGAG 


5155 


CTCHGGACTAGGTCAC 


5156 
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^1 


Male-sterile 
PI 

Malus domestica 

Lys23Term. 

MG-TAG 


CGTGGGAAGGTTGAGATCAAGAGGATTGAGMCTCAAGTAACAGG 
CAGGTGACCTACTCCTAGAGGAGGAATGGGAnATCAAGAAGGCA 
AAGGAGATCACTGnCTATGTGATGCTAAAG 


5157 


CTTTAGCATCACATAGAACAGTGATCTCCTTTGCCTTCTTGATAATC 
CCAnCCTCCTCTAGGAGTAGGTCACCTGCCTGTTACTTGAGTTCT 
CAATCCTCTTGATCTCAACCTTCCCACG 


5158 


CCTACTCCTAGAGGAGG 


5159 


CCTCCTCTAGGAGTAGG 


5160 


Male-sterile 
PI 

Malus domestica 

Lys30Term 

AAG-TAG 


AGGATTGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGG 
AGGAATGGGAnATCTAGAAGGCAAAGGAGATCACTGnCTATGTG 

ATGCTAAAGTATCTCnATCATTTATTCTA 


5161 


TAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGTGATC 
TCCTrTGCCnCTAGATAATCCCATTCCTCCTCTTGGAGTAGGTCA 
CCTGCCTGnACnGAGTTCTCAATCCT 


5162 


GGAHATCIAGAAGGCA 


5163 


TGCCnCTAGATAATCC 


5164 


Male-sterile 
PI 

Malus domestica 

Lys31Term 

AAG-TAG 


AnGAGAACTCAAGTAACAGGCAGGTGACCTACTCCAAGAGGAGG 
AATGGGAnATCAAGTAGGCAAAGGAGATCACTGnCTATGTGATG 
CTAAAGTATCTCTTATCATTTATTCTAGCT 


5165 


AGCTAGAATAAATGATAAGAGATACTTTAGCATCACATAGAACAGT 
GATCTCCTTTGCCTACnGATAATCCCATTCCTCCTCnGGAGTAG 
GTCAGCTGCCTGnACTTGAGTrCTCAAT 


5166 


TTATCAAGIAGGCAAAG 


5167 


CnTGCCTACnGATAA 


5168 


Male-sterile 
globosa 

Antirrhinum majus 

Gly2Term 

GGA-TGA 


CAI 1 1 ITACAArAGnATCTGCAAACAAAAACAAGAGAGAAAAACAA 
AAACAAAAAAATGTGAAGAGGAAAAATTGAGATCAAAAGAATTGAG 
AACTCAAGCAACAGGCAGGTTACnACT 


5169 


AGTAAGTAACCTGCCTGTTGCnGAGnCTCAAnCTTTTGATCTCA 
Al 1 1 1 ICCIcnCACAl 1 1 1 1 1 IGI 1 1 1 IGTmrCTCTCTTGIIMIG 
ITTGCAGATAACTATTGTAAAAATG 


5170 


AAAAAATGIGAAGAGGA 


5171 


ICCICIICACAIIIIII 


5172 


Male-sterile 
globosa 

Mirrhinum majus 

ArgSTerm 

AGA-TGA 


TnTACAATAGTTATCTGCAAACAAAAACAAGAGAGAAAAACAAAAA 
CAAAAAAAIGGGATGAGGAAAAAnGAGATCAAAAGAAHGAGAAC 
TCAAGCAACAGGCAGGnACnACTCAA 


5173 


TTGAGTAAGTAACCTGCCTGTTGCnGAGTTCTCAAnCTTTTGATC 
TCAAI 1 1 1 ICCICAICCCAI 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 ICTCTCTTGTT 
TrTGTrTGCAGATAACTAnGTAAAA 


5174 
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Alteration . x 


^ V * * ^ J ^^ ■> ^ •> ^""X , ,,,,,, A ^ 

' ' y J ' ■• * ' •■ ' \ V ^ 






AMTGGGAIGAGGAAAA 


5175 


TnTCCTCATCCCATTT 


5176 


Male-sterile 
globosa 

Antirrhinum maps 

Gly4TeiTn 

GGA-TGA 


AAAAATGGGAAGATGAAAAATTGAGATCAAAAGAAnGAGAACTCA 
AGCAAGAGGCAGGTTACTTACTCAAAGA 


5177 


TCnTGAGTAAGTAACCTGCCTGTlGCTTGAGI ICTCAA"! ICI 1 1 IG 
ATCTCAAI 1 1 1 ICATCTTCCCAI 1 1 1 1 1 1 GTTnTGTnTTCTCTCn 
GUM IGTTTGCAGATAACTAnGTA 


5178 


TGGGAAGATGAAAAAn 


5179 


AAIIIIICAICIICCCA 


5180 


Male-sterile 
globosa 

Antirrhinum majus 

LysSTerm 

AAA-TAA 


AATAGnATCTGCAAACAAAAACAAGAGAGAAAAACAAAAACAAAAA 
AATGGGAAGAGGATAAATTGAGATCAAAAGAATTGAGAACTCAAGC 
AACAGGCAGGTTACTTACTCAAAGAGAA 


5181 


TTCTCTTTGAGTAAGTAACCTGCCTGTTGCTTGAGTTCTCAATTCTT 
TTGATCTCAATTTATCCTCTTCCCAI 1 1 1 1 1 IGI 1 1 1 IGI 1 1 1 ICTCT 
CTTGI 1 1 1 IGTTTGCAGATAACTATT 


5182 


GAAGAGGATAAATTGAG 


5183 


CTCAATTTATCCTCTTC 


5184 


Male-sterile 
PI 

lea mays 
LysSTerm 
AAG-TAG 


GCTGAGCTCnGCTGCCCTTGGArCTGITTGGGAGTGGAGAACGC 
AGTATGGGGCGCGGCIAGATCAAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 


5185 


GGCGCnGGAGAAGGTCACCTGCCGGnGGTAGAGnCTCGATCC 

TCnGATCTTGATCTAGCCGCGCCCCATACTGCGTTCTCCACTCC 

CAAACAGATCCAAGGGCAGCAAGAGCTCAGC 


5186 


GGCGCGGCTAGATCAAG 


5187 


CTTGATCTAGCCGCGCC 


5188 


Male-Sterile 
PI 

lea mays 
LysTTerm 
AAG-TAG 


CTCTTGCTGCCCTTGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCTTCTCCAAGCGCCGGGCCG 


5189 


CGGCCCGGCGCTTGGAGAAGGTCACCTGGCGGTTGGTAGAGnC 

TCGATCCTCTTGATCTAGATCnGCCGCGCCCCATACTGCGnCTC 

CACTCCCAAACAGATCCAAGGGCAGCAAGAG 


5190 


GCAAGATCIAGATCAAG 


5191 


CnGATCTAGATCnGC 


5192 
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...,..:.f^^i<..., f.Ay.i'< ".f...f. ' 


Male-sterile 
PI 

Zea mays 
LysQTerm 
MG-TAG 


CTCTTGCTGCCCnGGATCTGTTTGGGAGTGGAGAACGCAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGGAGGTGACCnCTCCAAGCGCCGGGGCG 


5193 


CGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 

TCGATCCTCnGATCTAGATCTTGCCGCGCCCCATACTGCGnCTC 

CACTCCCAAACAGATCCAAGG6CAGCAAGAG 


5194 


GCAAGATCIAGATCAAG 


5195 


CTTGATCTAGATCTTGC 


5196 


Male-sterile 
PI 

Zea mays 

Glu12Term 

GAG-TAG 


GATCTGTTTGGGAGTGGAGAAGGCAGTATGGGGCGCGGCAAGAT 
CAAGATCAAGAGGATCTAGAACTCTACCAACCGGCAG6TGACCTT 

CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5197 


CCnCnGACCAGTCCGGCCCGGCGCnGGAGAAGGTCACCTGC 
CGGnGGTAGAGTTCTAGATCCTCTTGATCTTGATCnGCCGCGG 
CCCATACTGCGnCTCCACTCCCAAACAGATC 


5198 


AGAGGATCIAGAACTCT 


5199 


AGAGTTCTAGATCCTCT 


5200 


Male-sterile 
PI 

Zea mays 
LysSTerm 
AAG-TAG 


GCTGAGCTCnGCTGCCCTTGAATCTGnAGGGAGTGGAGAACGG 
AGTATGGGGGGCGGGTAGATCGAGATCAAGAGGATCGAGAACTCT 
ACCAACCGGCAGGTGACCTTCTCCAAGCGCC 


6201 


GGCGCTTGGAGAAGGTCACCTGCCGGnGGTAGAGTTCTCGATCC 

TCnGATCTCGATCTAGCCGCGCCCCATACTCCGnCTGCACTCC 

CTAACAGATTCAAGGGCAGCAAGAGCTCAGC 


5202 


GGCGCGGCIAGATCGAG 


5203 


CTCGATCTAGCCGCGCC 


5204 


Male-stBriie 

IVIwllw wVwl llw 
PI 

Zea mays 
GluTTerm 
GAG-TAG 


CTCTTGCTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATG 
GGGCGCGGCAAGATCTAGATCAAGAGGATCGAGAACTCTACCAAC 
CGGCAGGTGACCnCTCCAAGCGCCGGGCCG 


5205 


GGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTAGAGTTC 
TCGATCCTCnGATCTAGATCTTGCCGCGCCCCATACTCCGTTCTC 
CAGTCCCTAACAGATTCAAGGGCAGCAAGAG 


5206 


GCAAGATCIAGATCAAG 


5207 


CTTGATCTAGATCHGC 


5208 


Male-sterile 
PI 

Zea mays 
Lys9Term 
AAG-TAG 


CTGCCCTTGAATCTGTTAGGGAGTGGAGAACGGAGTATGGGGCG 

CGGCAAGATCGAGATCTAGAGGATCGAGAACTCTACCAACCGGCA 

GGTGACCTTCTCCAAGCGCCGGGCCGGACTGG 


5209 


CCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGCCGGTTGGTA 
GAGTTCTCGATCCTCTAGATCTCGATCTTGCCGCGCCCCATACTC 
CGTTCTCCACTCCCTAACAGATTCAAGGGCAG 


5210 
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Targeted ; 
a J MkMon/S ' 




iSEQlD 

W({ 






TCGAGATCTAGAGGATC 


5211 




GATCCTCTAGATCTCGA 


5212 


Male-sterile 
PI 

Zea mays 


AATCTGnAGGGAGTGGAGAACGGAGTATGGGGCGCGGCAAGAT 
CGAGATCAAGAGGATCTAGAACTCTACCAACCGGCAGGTGACCTT 
CTCCAAGCGCCGGGCCGGACTGGTCAAGAAGG 


5213 


Glu12Term 
GAG-TAG 


CCTTCTTGACCAGTCCGGCCCGGCGCTTGGAGAAGGTCACCTGC 

WW 1 1 w 1 1 ^Jf\\J\Jt\\^ 1 w w^^%^ w w wV^w w\^ w 1 1 ^J\JtW^rv\\J\^ 1 w/\w w 1 ^^w 

CGGTTGGTAGAGnCTAGATCCTCTTGATCTCGATCTTGCCGCGC 
CCCATACTCCGTTCTCCACTCCCTAACAGAn 


5214 




AGAGGATCTAGAACTCT 






AGAGTTCTAGATCCTCT 




Male-sterile 
PI 

Oryza sativa 


TTGCTGCTAAGCTAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGG 
CGGGATGGGGCGCGGGTAGATCGAGATCAAGAGGATCGAGAACT 
CCACCAACCGCCAGGTGACCTTCTCCAAGCGCA 


5217 


LysSTerm 
AAG-TAG 


TGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTCTCGATCC 

TCnGATCTCGATCTACCCGCGCCCCATGCCGCCTCCTCCTCCTC 

CTCCTCCTTCCTCCAGCTAGCnAGCAGCAA 


5218 




GGCGCGGGIAGATCGAG 


5219 




CTCGATCTACCCGCGCC 


5220 


PI 

Oryza sativa 


TGGGGCGCGGGAAGATCTAGATCAAGAGGATCGAGAACTCCACC 
AACCGCCAGGTGACCTTCTCCAAGCGCAGGAGCG 


OCC 1 


GluTTerm 
GAG-TAG 


CGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTGGAGTTC 

w v** w 1 WW 1 Xmvw w w 1 1 VJ \J/\\Jf\f\ \gJ \J i wfVw W 1 NaJVi^WvJ VI i 1 1 VlW#\x3 1 1 w 

TCGATCCTCTTGATCTAGATCnCCCGCGCCCCATCCCGCCTCCT 
CCTCCTCCTCCTCCTTCCTCCAGCTAGCTTAG 


5222 




GGAAGATCTAGATCAAG 






CTTGATCTAGATCTTCC 

w 1 1 \^r\ 1 w 1 n\Jr\ 1 1 1 WW 




Male-sterile 
PI 

Oryza sativa 


TAGCTGGAGGAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGC 
GCGGGAAGATCGAGATCTAGAGGATCGAGAACTCCACCAACCGC 
CAGGTGACCTTCTCCAAGCGCAGGAGCGGGATCC 


5225 


Lys9Term 
AAG-TAG 


GGATCGCGCTCCTGCGCTTGGAGAAGGTCACCTGGCGGTTGGTG 
GAGnCTCGATCCTCTAGATCTCGATCTTCCCGCGCCCCATCCCG 
CCTCCTCCTCCTCCTCCTCCTTCCTCCAGCTA 


5226 




TCGAGATCTAGAGGATC 


5227 




GATCCTCTAGATCTCGA 


5228 
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Male-sterile 
Pi 

0/yza sativa 

Glu12Term 

GAG-TAG 


GAAGGAGGAGGAGGAGGAGGAGGCGGGATGGGGCGCGGGAAGA 
TCGAGATCAAGAGGATCTAGAACTCCACCAACCGCCAGGTGACCT 
TCTCCAAGCGCAGGAGCGGGATCCTCAAGAAGG 


5229 


CCTTCTrGAGGATCCCGCTCCTGCGCTTGGAGAAGGTCACCTGGC 

GGTTGGTGGAGTTCTAGATCCTCnGATCTCGATCTTCCCGCGCC 

CCATCCCGCCTCCTCCTCCTCCTCCTCCnC 


5230 


AGAGGATCIAGAACTCC 


5231 


GGAGnCTAGATCCTCT 


5232 
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Example? 

Engineering plants for abiotic stress tolerance 

Environmental stresses, such as drought, increased soil salinity, soil contamination with 
heavy metals, and extreme temperature, are major factors limiting plant growth and productivity. The 
worldwide loss in yield of three major cereal crops, rice, maize, and wheat due to water stress (drought) has 
been estimated to be over ten billion dollars annually and many cun-ently marginal soils could be brought 
into cultivation if suitable plant varieties were available. 

Physiological and biochemical responses to high levels of ionic or nonionic solutes and 
decreased water potential have been studied in a variety of plants. It is known, for example, that increasing 
levels of alcohol dehydrogenase can confer enhances flooding resistance in plants. There are also several 
possible mechanisms to enhance plant salt tolerance. For example, one mechanism underlying the 
adaptation or tolerance of plants to osmotic stresses is the accumulation of compatible, low molecular weight 
osmolytes such as sugar alcohols, special amino acids, and glycinebetaine. Such accumulation can be 
engineered, for example, by removing feedback inhibition on 1-pyrroline-t-carboxylate synthetase, which 
results in accumulation of proline. Additionally, recent experiments suggest that altering the expression or 
activity of specific sodium or potassium transporters can confer enhanced salt tolerance. 

Plant tolerance of contamination by heavy metals such as lead and aluminum in soils has 
also been investigated and one mechanism underiying tolerance is the production of dicarboxylic acids such 
as oxalate and citrate. In addition, individual genes involved in heavy metal sensitivity have been identified. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that confer stress tolerance in plants. 
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Table 17 

Genome-Alterina Oliaos Conferring Stress Tolerance 







<•! 


's 




Salt Tolerance 
P5CS 

Arabidopsis thaliana 

Phe128Ala 

TTT-GCT 


CG 1 C 1 II 1 1 G 1 G 1 GG 1 AG 1 rGGATGTGACGGTTGCTCAAATGCTT 

GTGACCGATAGCAGTGCTAGAGATAAGGATTTCAGGAAGCAACTT 

AGTGAAACTGTCAAAGCGATGCTGAGGATGA 


5233 


TCATCCTGAGCATCGCTnGACAGTITCACTAAGnGCTTCCTGAA 
ATCCTTATCTCTAGCACTGCTATCGGTCACAAGCATrTGAGCAACC 
GTCACATCCAACTACCACACAAAAAGACG 


5234 


ATAGCAGTGCTAGAGAT 


5235 


ATCTCTAGCACTGCTAT 


5236 


Salt Tolerance 
P5CS1 

Brassica napus 
Phe128Ala 

nc-GCC 


GAGACTATGI 1 IGACCAGCTGGATGTGACGGCTGCTCAGCTGCTG 
GTGAATGACAGTAGTGCCAGAGACAAGGAGnCAGGAAGCAACn 
AATGAGACAGTGAAGTCCATGCTTGATTTGA 


5237 


TCAAATCAAGCATGGACTTCACTGTCTCATTAAGTTGCTTCCTGAA 
CTCCTTGTCTCTG6CACTACTGTCATTCACCAGCAGCTGAGCAGC 
CGTCACATCCAGCTGGTCAAACATAGTCTC 


5238 


ACAGTAGTGfiCAGAGAC 


5239 


GTCTCTGGCACTACTGT 


5240 


Salt Tolerance 
P5CS2 

Brassica napus 
Phe129Ala 

nc-GCC 


GAGACTATGTTTGACCAGATGGATGTGACGGTGGCTCAAATGCTG 
GTGACTGATAGCAGTGTCAGAGATAAGGATTTCAGGAAGCAACTT 
AGTGAGACAGTCAAAGCTATGCTGAAAATGA 


5241 


TCATTTTCAGCATAGCTnGACTGTCTCACTAAGnGCTTCCTGAA 

ATCCnATCTCTGACACTGCTATCAGTCACCAGCATTTGAGCCACC 

GTCACATCCATCTGGTCAAACATAGTCTC 


5242 


ATAGCAGTGTCAGAGAT 


5243 


ATCTCTGACACTGCTAT 


5244 


Salt Tolerance 
P5CS 

Oryza sativa 

Phe128Ala 

TTT-GCT 


GATATGnGTTTAACCAACTGGATGTCTCGTCATCTCAACTTCTTG 

TCACCGACAGTGATGCTGAGAACCCAAAGTTCCGGGAGCAACTCA 

CTGAAACTGnGAGTCATTATTAGATCTTA 


5245 


TAAGATCTAATAATGACTCAACAGTTTCAGTGAGTTGCTCCCGGAA 
CTTTGGGTTCTCAGCATCACTGTCGGTGACAAGAAGTTGAGATGA 
CGAGACATCCAGTTGGTTAAACAACATATC 


5246 


ACAGTGATGCTGAGAAC 


5247 


GnCTCAGCATCACTGT 


5248 
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'J- : 


Salt Tolerance 
P5CS 

Medicago sativa 


GAIAI 1 1 IGI 1 lAGICAGCIGGAIGrGACATCTGCTCAGCTTCTTG 
TTACTGACAATGATGCTAGAGACCAAGATTTTAGAAAGCAACTTTC 

TGAAACTGTGAGATCACTTCTAGCACTAA 


5249 


Phe128Ala 

nr-GCT 


TTAGTGCTAGAAGTGATCTCACAGTTTCAGAAAGTTGCTTTCTAAA 

ATCTTGGTCTCTAGCATCATTGTCAGTAAGAAGAAGCTGAGCAGAT 

GTCACATCCAGCTGACTAAACAAAATATC 


5250 




ACAATGATGCTAGAGAC 


5251 




GTCTCTAGCATCATTGT 


5252 


Salt Tolerance 
P5CS 


GATACATTGTTTAGTCAGCTGGATGTGACATCAGCTCAGCTACTC 
GnACTGATAATGATGCTAGGGATCCAGAATTCAGGAAGCAACnA 


5253 


Adinidia delidosa 


CTGAAACTGTAGAATCACTATTGAATTTGA 




Phe128Ala 
TTT-GCT 


TCAAATTCAATAGTGATTCTACAGTTTCAGTAAGTTGCTTCCTGAAT 
TCTGGATCCCTAGCATCAnATCAGTAACGAGTAGCTGAGCTGAT. 
GTCACATCCA6CTGACTAAACAATGTATC 


5254 




ATAATGATGCTAGGGAT 


5255 




ATCCCTAGCATCAnAT 


5256 


Salt Tolerance 
P5CS 


GACACACTCTTCAGTCAACTGGATGTGACATCAGCACAGCTTCTT 
GTAACAGATAATGACSeCAGAAGTCCAGAATTTAGAAAACAACnA 


5257 


Qchorium intybus 


CTGAAACAGTCGATTCTTTATTATCTTATA 




Phe122Ala 
TTC-GCC 


lAIAAGAIAAIAAAGAAICGACIGI 1 ICAGIAAUl lUI 1 1 lUlAAAi 
TCTGGACTTCTGGCGTCAnATCTGTTACAAGAAGCTGTGCTGAT 
GTCACATCCAGTTGACTGAAGAGTGTGTC 


5258 




ATAATGACGCCA6AAGT 


5259 








Salt Tolerance' 
P5CS 


GAnCTTTGTTCAGTCAGnGGATGTGACATCAGCTCAGCTTCTGG 
TGACTGATAATGACGCTAGAGATGCAGAI 1 1 XkQQAQAZNKZ^ZNK 


5261 


Lycopersicon 


TGACACAGTAAATTCGTTGCTTTCTCTAA 




esculenium 
Phe128Ala 
TTT-GCT 


TTAGAGAAAGCAACGAATTTACTGTGTCATTGAGTTGTCTCCTAAA 
ATCTGGATCTCTAGCGTCAnATCAGTCACCAGAAGCTGAGCTGA 
TGTCACATCCAACTGACTGAACAAAGAATC 


5262 




ATAATGACGCTAGAGAT 


5263 




M 1 O 1 \y 1 /AUwO 1 \jt\ 1 1 A 1 




Salt Tolerance 
P5CS 


GATACCATGTTCAGCCAGCTTGATGTGACTTCTTCCCAACTTCTTG 
TGAATGATGGATTTGCTAGGGATGCTGGCTTCAGAAAACAACnTC 


5265 


Vigna unguiculata 


GGACACAGTGAACGCGTTATTAGATnAA 




Phe162Ala 
TTT-GCT 


nAAATCTAATAACGCGTTCACTGTGTCCGAAAGTTGTTITCTGAA 
GCCAGCATCCCTAGCAAATCCATCATTCACAAGAAGnGGGAAGA 
AGTCACATCAAGCTGGCTGAACATGGTATC 


5266 




ATGGATTTfieTAGGGAT 


5267 
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ATCCCTAGCAAATCCAT 


5268 


Salt Tolerance 
P5CS 

Mesembryanthemum 
crystallinum 
Phe125Ala 
TTT-GCT 


UAUAUUI lUI 1 lAUIUAUl lUUAIUI^jAUIoUlbLrloAuLilbOl 1 

GTGACGGACAACGACGCTAGAGATCCAAGTTTTAGAACACAACTA 

ACTGAAACAGTGTATCAGnGTTGGATCTAA 


5269 


TTAGATCCAACAACTGATAOALIbl 1 lUAbI lAbl Iblbl ILIAAAA 
CTTGGATCTCTA6CGTCGTTGTCCGTCACAAGCAGCTGAGCAGCA 
GTCAGATCCAACTGACTAAACAAGGTGTC 


5270 


ACAACGACGCTAGAGAT 


5271 


ATCTCTAGCGTCGnGT 


5272 


oali loierBnce 
P5CS 

ViSs vinifera 

Phe130Ala 

TTT-GCT 


GACACATTATrTAGCCAGCTGGATGTGACATCAGCTCAGCnCTT 

GTGACTGATAATGATGCTAGGGATGAAGCTrTCCGAAATCAACTrA 

CTCAAACAGTGGAnCATTGnAGCTTTGA 


5273 


TCAAAGCTAACAATGAATCCACTGTTTGAGTAAGTTGATTTGGGAA 

AGCnCATCCCTAGCATCAnATCAGTCACAAGAAGCTGAGCTGAT 

f^Tf^ A r> ATr^r* a /^pT/^r^PT a a at a LTnTrnTC" 
\D 1 UAU A 1 UL» AvjU 1 \ i\hJ\ 1 AA 1 ij 1 vj 1 O 




ATAATGATGCTAGGGAT 


0^1 Q 


ATCCCTAGCATCAnAT 




odii 1 oierance 
P5CS 

Vigna aconitifolia 

Phe12gAla 

TTT-GCT 


GATACGCtGnCACTCAGCTCGATGTGACATCGGCTCAGCnCTT 
GTGACGGATAACGATGCTCGAGATAAGGATTTCAGGAAGCAGCn 
ACTGAGACTGTGAAGTCGCTGTTGGCGCTGA 


6177 


TCAGCGCCAACAGCGACnCACAGTCTCAGTAAGCTGCTTCCTGA 
AATCCnATCTCGAGCATCGnATCCGTCACAAGAAGCTGAGCCG 

A I o 1 V/ALrA 1 UbAbU 1 vaAo I bAALrAoUu 1 A 1 0 


O^f 0 


ATAACGATfierCGAGAT 




ATCTCGAGCATCGHAT 




oaJl loisrancc 
HKT1 

Arabidopsis ^aliana 

Ser207Val 

TCC-GTC 


AGAGATGltCTTAGTTCCAAAGAAATCTCACCTCTCACTlTCTCCG 
TCTTCACAACAGnGTCACGTTTGCAAACTGCGGATnGTCCCCAC 
GAATGAGAACATGATCATCTTTCGCAAAA 


5281 

1 


TTTTGCGAAAGATGATCATGTTCTCATTCGTGGGGACAAATCCGC; 
GTrTGCAAACGTGACAACTGTTGTGAAGACGGAGAAAGTGAGAGG 
TGAGATTTCrrrGGAACTAAGAACATCTCT 




CAACAGTTGICACGTTT 


5283 


AAACGTGAeAACTGTTG 


5284 


Salt Tolerance 
HKT1 

Arabidopsis thaliana 

Gln237Leu 

CAA-CTA 


CGAATGAGAACATGATCATCTTTCGCAAAAACrcTGGTCTCATCTd 
GCTCCTAATCCCTCIAGTACTGATGGGAAACACTTTGnCCCnGC 
ncnGGTTTTGCTCATATGGGGACTTTA 


5285 

1 


TAAAGTCCCCATATGAGCAAAACCAAGAAGCAAGGGAACAAAGTG 
TTTCCCATCAGTACTAGAGGGATTAGGAGCCAGATGAGACCAGAG 
TTTTTGCGAAAGATGATCATGTTCTCATTCG 


5286 

1 
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TrAfiTArTAnAftfif^ATT 


QC.OQ 


Salt Tolprannp 
HKT1 

Arabidopsis thaliana 


AGTCTCTAGAAGGAATGAGTTCGTACGAGAAGTTGGTTGGATCGT 
TGTTTCAAGTGGTGAGTTCGCGACACACCGGAGAAACTATAGTAG 
ACCTCTCTACACTrrCCCCAGCTATCTTGGT 




AAT-AGT 


APrAAr?ATAr5rTr^f^r^r5AAAf;Tf5TAf2Ar!ARfiTrTArTATAf5TnTT 
nOv//V\Ort 1 rtVjLr 1 Vj000/W\0 1 U 1 rtorto AOVJ 1 1 1 r\ 1 nVj 1 1 1 w 1 

CCGGTGTGTCGCGAACTCACCACTTGAAACAACGATCCAACCAAC 
TTCTCGTACGAACTCAnCCnCTAGAGACT 






Mo 1 1 vjAJb 1 1 LfOUoAO 






GTCGCGAACTCACCACT 


5292 


Salt Tolerance 
HKT1 

Eucalyptus 


AGAGATGTGCTAAAGAAGAAAGGTCTCAAAAIGGIGACCI II ICC 

GTCTTCACCACCGTGGTGACCTTTGCCAGTTGTGGGTTTGTCCCG 

ACCAATGAAAACATGAHATCTTCAGCAAAA 


5293 


camaldulensis 

Ser256Val 

TCG-GTG 


TTTTGCTGAAGATAATCATGTiTTCAnGGTCGGGACAAACCCACA 
ACTGGCAAAGGTCACCACGGTGGTGAAGACGGAAAAGGTCACCA 
TTTTGAGACCTTTCTTCTTTAGCACATCTCT 


5294 




CCACCGTGGIGACCTTT 


5295 




AAAGGTCACCACGGTGG 


5296 


Salt Tolerance 
HKT1 

Eucatypbjs 


CCAATGAAAACATGATTATCTTCAGCAAAAACTCTGGCCTCCTCCT 
GAnCTCATCCCTCTGGCCCTTCTTGGGAACATGCTGTTCCCATC 
GAGCCTACGTTTGACGCTTTGGCTCATCGG 


5297 


camaldulensis 

Gln286Leu 

CAG-CTG 


CCGATGAGCCAAAGCGTCAAACGTAGGCTCGATGGGAACAGCAT 
GTTCCCAAGAAGGGCCAGAGGGATGAGAATCAGGAGGAGGCCA 
GAGI 1 1 1 IGCIGAAGAIAAICAIGI 1 1 ICAHGG 


5298 




CATCCCTCIGGCCCnC 


5299 




GAAGGGCCAGAGGGATG 


5300 


S^t Tolerance 
HKT1 

Eucalyptus 


AATCGTTGAATGGACTAAGCTCCTGTGAGAAAATCGTGGGCGCGC 
TGTTTCAGTGCGTGAGCAGCAGACATACCGGCGAGACGGTCGTC 
GATCTGTCCACAGTTGCTCCCGCCATCHGGT 


5301 


camaldulensis 

Asn381Ser 

AAC-AGC 


ACCAAGATGGCGGGAGCAACTGTGGACAGATCGACGACCGTCTC 
GCCGGTATGTCTGCTGCTCACGCACTGAAACAGCGCGCCCACGA 
TTTTCTCACAGGAGCTTAGTCCATTCAACGATT 


5302 




GTGCGTGAGCAGCAGAC 


5303 




GTCTGCTGCTCACGCAC 


5304 
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, -,r , ? 
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Salt Tolerance 
HKT1 

Oryidi sativa 


aAagctccactgaagaagaaagggatcaacattgcactcttctcat 
tctcggtcacggtcgictcgtttgcgaatgtggggctcgtgccg 

ACAAATGAGAACATGGCAATCTTCTCCAAGA 


5305 


Ser238\/al 
TCC-GTC 


TCTTGGAGAAGATTGCCATGTTCTCATTTGTCGGCACGAGCCCCA 
CAnCGCAAACGAGACGACCGTGACCGAGAATGAGAAGAGTGCA 
ATGTTGATCCCTTTCTTCnCAGTGGAGCrrT 


5306 




TCAnf^GTCGTCTCfiTTT 


5307 




AAArfiAf^ACGACCGTGA 


5308 


5%fllt Tolprannp 

wall iv/iciGniwc 

HKT1 

Oryza sativa 


caaatgAgaacatggcaatcttctccaagaacccgggcctcctcc 
tcctgttcatcggcctgattcttgcaggcaatacactrtaccctct 
cncctaaggctattgatatggncctggg 


5309 


ninPRRI Pli 
CAG-CTG 


PrrAfiRAArrATATnAATAGCCTTAGGAAGAGAGGGTAAAGTGTA 

www/AVJ wfVAwwri 1 # \ 1 w/ui 1 r^wWw 1 1 iWJ Vjr»/V w/VVJ/\\J \J \J i / i/Viw i w i #» 

ttgcctgcaagaatcaggccgatgaacaggaggaggaggcccgg 

GnCTTGGAGAAGATTGCCATGTTCTCATrrG 


5310 




wA 1 w\3vJww_l_0/A 1 1 w 1 I VJ 


5311 




rAA(^AATPAnnrP(^ATn 


5312 

WW 1 ^ 


ocuL 1 uici alive 

HKT1 

KJlyiLQ ooi\vQ 


CAGTCTTTGATGGACTCAGCTCTTACCAGAAGATTATCAATGCATT 
GTTCATGGCAGTGAGCGCAAGGCACTCGGGGGAGAACTCCATCG 
ACTfiCTCACTCATCGCCCCTGCTGTTCTAGT 

A\w 1 WW 1 \jr\\j I wrv 1 wwwwww 1 w w 1 w 1 1 w I r\\j i 


5313 


Moll JUOOCI 

AAC-AGC 


APTAf^AAPAt^rAf^fif^nrnATf^AGTGARPAGTnGATRGAGTTCTC 

Aw 1 MOMAwrtOwAOOOwwwM 1 \Jr\\J I V3r\V3wr\V3 1 wVJrv 1 VJVjnvj 1 1 w 1 w 

CCCCGAGTGCCnGCGCTCACTGCCATGAACAATGCATTGATAAT 
CnCTGGTAAGAGCTGAGTCCATCAAAGACTG 


5314 

WW 1 I 




fir^PAriTftAfiPfiPAAfittP. 

\JwwAw 1 \3M\JwV3wr\MO\3w 


5315 

w^ 1 w 




f^PPTTf^PfiPTPAPTfiPn 

Oww 1 1 VJwVjw 1 wAw i www 


5316 


Salt Tolpranne 

v^aiL 1 uiwi aiivw 

HKTl 


GTGCCCCACTGAACAAGAAAGGGATCAACATCGtGCTCTTCTCAC 
TATCAGTCACCGTTGTCTCCTGTGCGAATGCAGGACTCGTGCCCA 


5317 


rrff/cum aestivum 


CAAATGAGAACATGGTCATCnCTCAAAGAA 




r\ld^*TU Vdl 

GCC-GTC 


TTrTTTGAGAAfiATGArrATGTTrTrATTTGTGGGnAnRARTnnT 

GCAnCGCACAGGAGACAACGGTGACTGATAGTGAGAAGAGCAC 
GATGTTGATCCCTTTCTTGTTCAGTGGGGCAC 


5318 

WW 1 w 




PAPPmrnTPTPPTCTC 


5319 




CACAGGAGACAACGGTG 


5320 


Salt Tolerance 
HKT1 

Triticum aestivum 


CAAATGAGAACATGGTCATCTTCTCAAAGAATTCAGGCCTCTTGTT 
GCTGCTGAGTGGCCTGATGCTCGCAGGCAATACATTGTTCCCTCT 
CnCCTGAGGCTACTGGTGTGGTTCCTGGG 


5321 


Gln270Leu 
CAG-CTG 


CCCAGGAACCACACCAGTAGCCTCAGGAAGAGAGGGAACAATGT 
ATTGCCTGCGAGCATCAGGCCACTCAGCAGCAACAAGAGGCCTG 
AAnCTnGAGAAGATGACCATGnCTCATTTG 


5322 




GAGTGGCCIGATGCTCG 


5323 
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CGAGCATCAGGCCACTC 




Qalf Tnlorstnro 
Odil 1 Ul6i di il/C 

HKT1 

Wtfcum aestivum 


CTTCATGGTGGTGAGTGCGAGGCACTCAGGGGAGAATTCCATCG 
ACTGCTCGCTCATGTCCCCTGCCATTATAGT 




Asn365Ser 
AAT-AGT 


AnTATAATRPirAfir5f5RArATr;Af?Pr5Afir'Af^Trf5ATf5f5AATTrTPr 
1 n 1 nn i vjvjoavsuuuauA i uavjuuauVjAWj i VjOM i oo/v\ I I v./ I 

CCTGAGTGCCTCGCACTCACCACCATGAAGAATGCATTGACAGTC 
nCTGATAAGAGCTGAGCCCATCAAAGACTG 


00^0 










GCCTCGCACTCACCACC 




Freezing Tolerance 
proline oxidase 
precursor 


1 1 1 1 1 1 1 IGI 1 1 ICGI 1 1 ICAAAAACAAAAICI 1 IGAAI 1 1 lAIGGGA 
ACCCGTCTTCTCTGAACAAACTrTATCCGGCGATCTTACCGTTTAC 
CCGCI 1 1 lAGCCCGGTGGGTCCTCCCA 


5329 


Arabidopsis thaliana 

ArgTTerm 

CGA-TGA 


TGGGAGGACCCACCGGGCTAAAAGCGGGTAAACGGTAAGATCGC 

CGGATAAAGnTGTTCAGAGAAGACGGGTTGCCATAAAATTCAAA 

GATTTTGTmTGAAAACGAAAACAAAAAAAA 


5330 




GTCTTCTCTGAACAAAC 


5331 




GlTTGnCAGAGAAGAC 


5332 


Freezing Tolerance 
proline oxidase 
precursor 


TCAAAAACAAAATCTTTGAATTTTATGGCAACCCGTCTTCTCAGAA 
CAAACTTTATCCGGTGATCTTACCGTTTACCCGCI 1 1 lAGCCCGGT 
GGGTCCTCCCACCGTGACTGCTTCCACCG 


5333 


Arabidopsis thaliana 

Arg13Ten7i 

CGA-TGA 


CGGTGGAAGCAGTCACGGTGGGAGGACCCACCGGGCTAAAAGC 
GGGTAAACGGTAAGATCACCGGATAAAGTTTGTTCTGAGAAGAGG 
GGTTGCCATAAAATTCAAAGATnTGTTTTTGA 


5334 




nATCCGGIGATCTTAC 


5335 




GTAAGATCACCGGATAA 


5336 


Freezing Tolerance 
proline oxidase 
precursor 


AAAATCTTTGAATTTTATGGCAACCCGTCnCTCCGAACAAACrrTA 
TCCGGCGATCTTAGCGTTTACCCGCTnTAGCCCGGTGGGTCCTC 
CCAGCGTGACTGCTTCCACCGCCGTCGTC 


5337 


Arabidopsis thaliana 

Tyr15Term 

TAC-TAG 


GACGACGGCGGTGGAAGGAGTCACGGTGGGAGGAGCCACCGGG 
GTAAAAGGGGGTAAACGCTAAGATCGCCGGATAAAGTFTGTTCGG 
AGAAGACGGGTTGGGATAAAATTGAAAGATnr 


5338 




GGATGTTAGGGTrTAGC 


5339 




GGTAAACG£TAAGATCG 


5340 
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Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

LeulTTerm 

HA-TAA 


will OMM 1 11 1 M 1 OOwMMOw 1 U 1 1 w 1 \/wVJAv\w/VV\w 1 1 1 AM www 

GCGATCnACCGTTAACCCGCnTTAGCCCGGTGGGTCCTCCCAC 
CGTGACTGCnCCACCGCCGTCGTCCCGGA 


5341 


CCGGGCTAAAAGC6GGTTAACGGTAAGATCGCCGGATAAAGTTTG 
TTCGGAGAAGACGGGTTGCCATAAAATTCAAAG 


5342 


TTACCGTTAACCCGCTT 


5343 


AAGCGGGTTAACGGTAA 


5344 


Freezing Tolerance 
proline oxidase 
precursor 

Arabidopsis thaliana 

Gly42Term 

GGA-TGA 


CCGGTGGGTCCTCCCACCGTGACTGCTTCCACCGCCGTCGTCCC 
GGAGATTCTCTCCTTTTGACAACAAGCACCGGAACCACCTCTTCA 
CCACCCAAAACCCACCGAGCAATCTCACGATG 


5345 


CATCGTGAGATTGCTCGGTGGG 1 1 1 1 GGGTGGTGAAGAGGTGGT 
TCCGGTGCTTGTTGTCAAAAGGAGAGAATCTCCGGGACGACGGC 
GGTGGAAGGAGTCACGGTGGGAGGACCCACCGG 


5346 


TCTCCTTTIGACAACAA 


5347 


TTGTTGTCAAAAGGAGA 


5348 


Lead Tolerance 
cyclic nucleotide- 
regulated ion ciiannel 
Arabidopsis ihaliar^a 
Arg4Term 
CGA-TGA 


AL/A 1 oAAuOAu 1 u/W\ lUIUIul 1 lolAI 1 unM 1 0 1 1 A 1 1 Ao 1 U 1 UA 

AACTATGAATrTCTGACAAGAGAAGTTTGTAAGGTGAGTGTTCCAG 
ATTTGTCTCAnGAATTCTAAGTCGTGA 


5349 


Tr* A APTT A P A ATTP A AT^ A A O A A ATPTO^^ A AO A PTri APPTT AP 
1 LrAUbAO 1 1 AoAA 1 l LrnA 1 oAbAUAAA 1 U 1 VjvjAAL* AU 1 oAUv 1 1 AO 

AAACnCTCnGTCAGAAAnCATAGTTTGAGAGTAATAAGATrCAA 
TACAAACAGAGAnTCACTGCnCATGT 


5350 


TGAATTTGIGACAAGAG 


5351 


CTCnGTCAGAAAnCA 


5352 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
GInSTerm 
CAA-TAA 


TGAAGCAGTGAAATCTCTGTTTGTAnGAATCTTATTAGTCTCAAAC 
TATGAATTTCCGATAAGAGAAGTTTGTAAGGTCAGTGnCCAGATr 
TGTCTCATTGAATTCTAAGTCGTGAAGC 


5353 


GCTTCACGACTTAGAATTCAATGAGACAAATCTbbAAOAOTbAULI 
TACAAACnCTCTTATCGGAAATTCATAGTrTGAGACTAATAAGAn 
CAATACAAACAGAGATrTCACTGOTTCA 


5354 


ATTTCCGAIAAGAGAAG 


5355 


CnCTCnATCGGAAAT 


5356 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 
Arabidopsis thaliana 
Glu6Term 
GAG-TAG 


AGCAGTGAAATCTCTGTTTGTATTGAATCTTATTAGTCTCAAACTAT 
GAAITTGCGACAATAGAAGTrTGTAAGGTCAGTGnCCAGATTTGT 
CTCATTGAATTCTAAGTCGTGAAGCnA 


5357 


TAAGCTTCACGACnAGAATTCAATGAGACAAATCTGGAACACTGA 

CCTTACAAACTrCTATTGTCGGAAAnCATAGTrTGAGACTAATAA 

GATrCAATACAAACAGAGATTTCACTGCT 


5358 
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TCCGACMIAGAAGTTT 


5359 




AAACTTCTATTGTCGGA 


5360 


Lead Tolerance . 
cyclic nucleotide- 
regulated ion channel 


AGTGAAATCTCTGTTTGTATTGAATCTTAnAGTCTCAAACTATGAA 
TTTCCGACAAGAGTAGTTTGTAAGGTCAGTGnCCAGATTTGTCTC 

AnGAATTCTAAGTCGTGAAGCTTAATT 


5361 


Arabidopsis thaliana 

Lys7Term 

AAG-TAG 


AATTAAGCTTCACGACnAGAAnCAATGAGACAAATCTGGAACAC 
TGACCTTACAAACTACTCnGTCGGAAATTCATAGTITGAGACTAA 
TAAGATTCAATACAAACAGAGATTTCACT 


5362 




GACAAGAGIAGTTTGTA 


5363 




TACAAACTACTCTTGTC 


5364 


Lead Tolerance 
cyclic nucleotide- 
regulated ion channel 


CATTGAATTCTAAGTCGTGAAGCTTAATTCGATTCTTCTTCACTTTC 
TCGGATCAGGI 1 1 lAAGAnGGAAGTCGGATAAGACnCCTCCGA 
CGTGGAATAnCCGGTAAAAACGAGAnC 


5365 


Arabidopsis thaliana 

Gln12Term 

CAA-TAA 


GAATCTCGTmTACCGGAATATTCCACGTCGGAGGAAGTCTTATC 

CGACnCCAATCTTAAAACCTGATCCGAGAAAGTGAAGAAGAATC 

GAATTAAGCTTCACGACnAGAATTCAATG 


5366 




TCAGGmTAAGAnGG 


5367 




CCAATCTTAAAACCTGA 


5368 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TGGAAGTCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAA 
GnATGAATCACCGCTAAGACGAGTTTGTGAGGTTTCAGGATTGG 
AAATCAGAGAGAAGCTCTGAGGGAAAI NIC 


5369 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


GAAAATTTCCCTCAGAGCTTCTCTCTGATTTCCAATCCTGAAACCT 
CACAAACTCGTCTTAGCGGTGATTCATAACTTTAGCCAATGCATCA 
ACCTGCTCAACGTGGGGGATTGACTTCCA 


5370 


GInSTerm 
CAA-TAA 


ATCACCGCIAAGACGAG 


5371 


CTCGTCnAGCGGTGAT 


5372 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 


TCAATCCCCCACGTTGAGCAGGTTGATGCATTGGCTAAAGTTATG 
AATCACCGCCAAGACTAGTTTGTGAGGTTTCAGGATTGGAAATCA 
GAGAGAAGCTCTGAGGGAAAI 1 1 ICATGCTA 


5373 


binding ion channel 
(CBP4) 

Nicotiana Tabacum 


TAGCATGAAAATnCCCTCAGAGCTTCTCTCTGATTTCCAATCCTG 
AAACCTCACAAACTAGTCTTGGCGGTGATTCATAACTTTAGCCAAT 
GCATCAACCTGCTCAACGTGGGGGAnGA 


5374 


GiyTTerm 
GAG-TAG 


GCCAAGACIAGTTTGTG 


5375 


CAGAAACTAGTCTTGGC 


5376 
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Lead Tolerance 
cyclic nucleoiide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Gln12Tenm 

CAG-TAG 


GAGCAGGTTGATGCATTGGCTAMGTTATGMTCACCGCCMGAO 
GAGTTTGTGAGGTTTTAGGATTGGAAATCAGAGAGAAGCTCTGAG 
GGAAATTTTCATGCTAAAGGTGGAGTCCACC 


6377 


GGTGGACTCCACCTnAGCATGAAAATTTCCCTCAGAGCTTCTCTo 
TGATTTCCAATCCTAAAACCTCACAAACTCGTCTTGGCGGTGATTC 
ATAACTTTAGCCAATGCATCAACCTGCTC 


5378 


TGAGGTnTAGGATTGG 


5379 


CCAATCCTAAAACCTCA 


5380 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotians Tabacum 

Trp14Term 

TGG-TGA 


TGATGCATTGGCTAAAGTTATGAATCACCGCCAAGACGAGTTTGT 
GAGGTrTCAGGATTGTAAATCAGAGAGAAGCTCTGAGGGAAATTT 
TCATGCTAAAGGTGGAGTCCACCGAAGTAAA 


5381 


TTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGAG 
CTTCTCTCTGATTTACAATCCTGAAACCTCACAAACTCGTCTTGGC 
GGTGATTCATAACTTTAGCCAATGCATCA 


5382 


CAGGATTGIAAATCAGA 


5383 


TCTGATTTACAATCCTG 


5384 


Lead Tolerance 
cyclic nucleotide- 
gated calmodulin- 
binding ion channel 
(CBP4) 

Nicotiana Tabacum 

Lys15Term 

AAA-TAA 


gatgcattggctaaagttatgaatcaccgccaagacgagtttgtg 
aggtttcagganggiaatcagagagaagctgtgagggaaatttt 

CATGCTAAAGGTGGAGTCCACCGAAGTAAAG 


5385 


CTTTACTTCGGTGGACTCCACCTTTAGCATGAAAATTTCCCTCAGA 

gcttctctctgattaccaatcctgaaacctcacaaactcgtcttgg 
cggtgancataactttagccaatgcatc 


5386 


aggattggiaatcagag 


5387 


CTCTGATTACCAATCCT 


5388 


Lead Tolerance 
calmodulin binding 
transport protein 
Hordeum wigare 
Glu2Term 
GAA-TAA 


cttgaagaattgatctaccactcttagctgctaactgttcgcctgg 
tggagataatgatgiaaagagaggacagatatgttagatttcagga 

CTGCAAATCAGAGCAATCTGTTATCTCAG 


5389 


CTGAGATAACAGAnGCTCTGATTTGCAGTCCTGAAATCTAACATA 
TCTGTCCTCTCTTTACATCATTATCTCCACCAGGCGAACAGTTAGC 
AGCTAAGAGTGGTAGATCAAnCTTCAAG 


5390 


TAATGATGTAAAGAGAG 


5391 


CTCTCTTTACATCATTA 


5392 
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Lead Tolerance 
calmodulin binding 
transport protein 


GMGAAnGATCTACCACTCTTAGCTGCTMCTGTTCGCCTGGTG 
GAGATAATGATGGAATGAGAGGACAGATATGTTAGATTTCAGGAC 

TGCAAATCAGAGCAATCTGnATCTCAGAGA 


5393 


Hordeum vulgare 

ArgSTernfi 

AGA-TGA 


TCTCTGAGATAACAGATTGCTCTGATTTGCAGTCCTGAAATCTAAC 
ATATCTGTCCTCTCATTCCATCAnATCTGCAGCAGGCGAACAGTT 
AGCAGCTAAGAGTGGTAGATCAATTCTTC 


5394 




TGATGGAAIGAGAGGAC 


5395 




GTCCTCTCATTCCATCA 


5396 


Lead Tolerance 
calmodulin binding 
transport protein 


GAATTGATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAG 

ATAATGATGGAAAGATAGGACAGATATGnAGAnrCAGGACTGCA 

AATCAGAGCAATGTGTTATCTCAGAGAACG 


5397 


Hordeum vulgare 

Glu4Term 

GAG-TAG 


CGTTCTCTGAGATAACAGA7TGCTGTGATTTGCAGTCCTGAAATCT 
AACATATCTGTCCTATCTTTCCATCAnATCTCCACCAGGCGAACA 
GTTAGCAGCTAAGAGTGGTAGATCAAnC 


5398 




TGGAAAGAIAGGACAGA 


5399 




TCTGTCCTATCTTTCCA 


5400 


Lead Tolerance 
calmodulin binding 
transport protein 


ATCTACCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATG 
ATGGAAAGAGAGGACTGATATGnAGATrTCAGGACTGCAAATCA 
GAGCAATCTGTTATCTCAGAGAACGCAGTTT 


5401 


Hordeum vulgare 

ArgSTerm 

AGA-TGA 


AAACTGCGTrCTCTGAGATAACAGATrGCTCTGATTTGCAGTCCTG 

AAATCTAACATATCAGTCCTCTCTTTCCATCATTATCTCCACCAGG 

CGAACAGTTAGCAGCTAAGAGTGGTAGAT 


5402 




GAGAGGACIGATATGTT 


5403 




AACATATCAGTCCTCTC 


5404 


Lead Tolerance 
calmodulin binding 
transport protein 


CCACTCTTAGCTGCTAACTGTTCGCCTGGTGGAGATAATGATGGA 
AAGAGAGGACAGATAGGnAGATTTCAGGACTGCAAATCAGAGCA 
ATCTGTTATCTCAGAGAACGCAGTTTCACCA 


5405 


Hordeum vulgare 

Tyr7Tenm 

TAT-TAG 


TGGTGAAACTGCGTTCTCTGAGATAACAGATTGCTCTGATTTGCAG 
TCCTGAAATCTAACCTATCTGTCCTCTCTrTCCATCATTATCTCCAC 
CAGGGGAACAGTTAGCAGCTAAGAGTGG 


5406 




GACAGATAfiGTTAGATT 


5407 




AATCTAACgrATCTGTC 


5408 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCCTTCTCTGAGAAAAAACAACAGATCCGAATnTATCnTAATCA 
GCCGGAAAAAATGTAGAAAGCGATCGAGAGACAACGCGTTCnCT 
TGAGCATCTCCGACCTTCnCTTCTTCTT 


5409 


Arabidopsis thaliana 

Glu2Term 

GAG-TAG 


AAGAAGAAGAAGAAGGTCGGAGATGGTCAAGAAGAACGCGTTGTC 
TCTCGATCGCTrrCTACAl 1 1 1 1 ICCGGCTGAnAAAGATAAAATTC 
GGATCTGTTGTTmTCTCAGAGAAGGAT 


5410 
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AAAAAATGIAGAAAGCG 


5411 




CGCIIICiACAilliil 


5412 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


CnCTCTGAGAAAAAACAACAGAICCGAAl 1 1 lAICTITAATCAtiC 

CGGAAAAAATGGAGIAAGCGATCGAGAGACAACGCGTTCTTCTTG 

AGCATCTCCGACCTTCTTCnCTTCTTCGC 


5413 


Arabidopsis thaliana 
Lys3Term 


GCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAAGAACGCGT 
TGTCTCTCGATCGCnACTCCATTmrCCGGCTGAnAAAGATAA 
AATTCGGATCTGnG! Mil ICTCAGAGAAG 


5414 




AAATGGAGIAAGCGATC 


5415 




GATCGCnACTCCATTT 


5416 


2 4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GAAAAAACAACAGATCCGAATTTTATCITTAATCAGCCGGAAAAAA 
TGGAGAAAGCGATCIAGAGACAACGCGnCTTCnGAGCATCTCC 
GACCTTCTTCnCnCTTCGCACAATTACG 


5417 


fid'abidopsis (Aa/Za/ia 

GluSTerm 

GAG-TAG 


CGTAAnGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAAGAA 
GAACGCGnGTCTCTAGATCGCTTTCTCCAl 1 1 1 1 ICCGGCTGAH 
AAAGATAAAATTCGGATCT6TTG 1 1 1 II 1 C 


5418 




AAGCGATCTAGAGACAA 


5419 




nOTCTCTAGATCGCTT 


5420 


2 4-DB resistance 

3-ketoacyl-CoA 

thiolase 


AAAACAACAGATCCGAATTTTATCTTTAATCAGCCGGAAAAAATGG 
AGAAAGCGATCGAGTGACAACGCGnCTTCnGAGGATCTCCGAC 
CTTGTTCncnCTTCGCAGAAnACGAGG 


5421 


Arabidopsis thaiiana 

Arg7Term 

AGA-TGA 


CCTCGTAAnGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCTCAA 
GAAGAACGCGnGTCACTCGATCGCTTTCTCCATTnTTCCGGCT 
GATTAAAGATAAAATTCGGATCTGnGI i 1 1 


5422 




CGATCGAGIGACAACGG 


5423 




GCGnGTCACTCGATCG 


5424 


2,4-DB resistance 
3-l<etoacyl-CoA 

thiolase 


ACAACAGATCCGAATnTATCTTTAATCAGCCGGAAAAAATGGAGA 
AAGCGATCGAGAGATAACGCGTTCTTCnGAGCATCTCCGACCTT 
CTTCTTCTTCTTCGCACAATTACGAGGCTT 


5425 


Arabidopsis thaliana 

GlnSTerm 

CAA-TAA 


AAGCCTCGTAATTGTGCGAAGAAGAAGAAGAAGGTCGGAGATGCT 
CAAGAAGAACGCGnATCTCTCGATCGCTTTCTCCAi 1 1 1 1 ICCGG 
CTGAnAAAGATAAAATTCGGATCTGTTGT 


5426 




TCGAGAGAIAACGCGn 


5427 




AACGCGnATCTCTCGA 


5428 
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2,4-DB resistance 
glyoxysomal bete- 
ketoacyol-fhiolase 


GAGAGACAAAGAGTTCnCTTGMCATCTCCGTCCncncnCn 

CCTCTCACAGCTrrTAAGGCTCTCTCTCTGCTTCAGCTTGCTTGGC 

TGGGGACAGTGCTGCGTATCAGAGGACCT 


5429 


precursor 

Brassicanapus 

Glu26Term 


AGGTCCTCTGATACGCAGCACTGTCCCCAGCCAAGCAA6CTGAA 
GCAGAGAGAGAGCCTTAAAAGCTGTGAGAGGAAGAAGAAGAAGG 
ACGGAGATGTTCAAGAAGAACTCnTGTCTCTC 


5430 


GM-TAA 


ACAGCTTTIAAGGCTCT 


5431 




A <-> A /^P/^TT A AAA r'/^Tr'T 

AoAuULr 1 1 AAAAbO 1 o 1 




2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TTGAACATCTCCGTCCnCTTCTTCTTCCTCTCACAGCTTTGAAGG 
CTCTCTCTCTGCTTGAGCTTGCTTGGCTGGGGACAGTGCTGCGTA 
TCAGAGGACCTCTCTCTATGGAGATGATGT 


5433 


precursor 
Brassica napus 
Ser32Term 


ACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGCACTGTCC 
CCAGCCAAGCAAGCTCAAGCAGAGAGAGAGCCTTCAAAGCTGTG 
AGAGGAAGAAGAAGAAGGACGGAGATGHCAA 


5434 


TCA-TGA 


CTCTGCTTGAGCTTGCT 


5435 




AGCAAGCTCAAGCAGAG 


5436 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCTCCGTCCTTCTTCTTCnCCTCTCACAGCTTTGAAGGCTCTCTC 

TCTGCnCAGCnGAnGGCTGGGGACAGTGCTGCGTATCAGAG 

GACCTCTCTCTATGGAGATGATGTAGTCATT 


5437 


precursor 

Brassica napus 
Cys34Term 


AATGACTACATCATCTCCATAGAGAGAGGTCCTCTGATACGCAGC 

ACTGTCCCCAGCCAATCAAGCTGAAGCAGAGAGAGAGCCTTCAAA 

GCTGTGAGAGGAAGAAGAAGAAGGACGGAGA 


5438 


TGC-TGA 


TCAGCTTGATTGGCTGG 


5439 




CCAGCCAATCAAGCTGA 


5440 


2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCCGTCCTTCncnCTTCCTCTCACAGCTTTGAAGGCTCTCTCTG 
TGCTTCAGCTTGCTAGGCTGGGGACAGTGCTGCGTATCAGAGGA 
CCTCTCTCTATGGAGATGATGTAGTCATTGT 


5441 


precursor 

Brassicanapus 

Leu35Term 


ACAATGACTACATCATCTCCATAGAGAGAGGTCGTCTGATACGCA 
GCACTGTCCCCAGCCTAGCAAGCTGAAGCAGAGAGAGAGCCnC 
AAAGCTGTGAGAGGAAGAAGAAGAAGGACGGA 


5442 


TTG-TAG 


AGCnGCTAGGCTGGGG 


5443 




CCCCAGCCTAGCAAGCT 


5444 
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2,4-DB resistance 
glyoxysomal beta- 
ketoacyol-thiolase 


TCACAGCTTTGMGGCTCTCTCTCTGCnCAGCnGCnGGCTGG 

GGACAGTGCTGCGTAGCAGAGGACCTCTCTCTATGGAGATGATGT 

AGTCATTGTTGCGGCACATAGGACTGCACTA 


5445 


precursor 
Brassica napus 
Tyr42Term 


TAGTGCAGTCCTATGTGCCGCAACAATGACTACATCATCTCCATA 

GAGAGAGGTCCTCTGCTACGCAGCACTGTCCCCAGCCAAGCAAG 

CTGAAGCAGAGAGAGAGCCTTCAAAGCTGTGA 


5446 


TAT-TAG 


GCTGCGTAfiCAGAGGAC 


5447 




GTCCTCTGCTACGCAGC 


5448 


2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 


CAACAGACAGCAAGTGTTGGTCCAGCATCTCCGCCCnCTAAnC 

nCTTGTCACAAnAGGAGTCCGCTCnGCGGCATGAGTATGTGCT 

GCAGGGGATAGCGCCGCATATCATAGGGCT 


5449 


Mangifera indica 

Tyr25Term 

TAC-TAG 


AGCGCTATGATATGCGGCGCTATCCCCTGCAGCACATACTGATGC 

GGCAAGAGCGGACTCCTAAnGTGAGAAGAAGAAnAGAAGGGC 

GGAGATGCTGGAGCAACACnGCTGTCTGTTG 


5450 




CACAATTAGGAGTCCGC 


5451 




GCGGACTCgrAAnGTG 


5452 


2,4-DB resistance 
3-ketoacyol-CoA 
thiolase B 


AACAGACAGCAAGTGTTGCTCCAGCATCTCCGCCCTrCTAAnCn 

CTTCTCACAATTACTAGTCCGCTCTTGCCGCATCAGTATGTGCTG 

CAGGGGATAGCGCCGCATATCATAGGGCTT 


5453 


Magnifera indica 

Glu26Tenm 

GAG-TAG 


AAGGCCTATGATATGCGGCGCTATCCCCTGCAGGACATACTGATG 

CGGCAAGAGCGGACTAGTAATTGrGAGAAGAAGAATTAGAAGGG 

CGGAGATGCTGGAGCAACACnGCTGTCTGn 


5454 




ACAAnACIAGTCCGCT 


5455 




AGCGGACTAGTAAHGT 


5456 


2,4-DB resistance 
3-ketoacy\ol-CoA 
thiolase B 


TCCAGCATCTCCGCCCTTCTAATTCnCTTCTCAC^TTACGAGTC 
CGCTCTTGCCGCATGAGTATGTGCTGCAGGGGATAGGGCCGCAT 
ATCATAGGGCnCTGTTTATGGAGACGATGT 


5457 


Mangifera indica 

Ser32Term 

TCA-TGA 


ACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGCGCTATCC 

CCTGCAGCACATACTCATGCGGCAAGAGCGGACTCGTAATTGTGA 

GAAGAAGAAnAGAAGGGGGGAGATGCTGGA 


5458 




TGCCGCATgAGTATGTG 


5459 




CACATACTCATGCGGCA 


5460 
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2,4-DB resistance 
3-ketoacyl-CoA 

thiolase B 


TCTCCGCCCTTCTAATTCncnCTCACMTTACGAGTCCGCTCn 
GCCGCATCAGTATGAGCTGCAGGGGATAGCGCCGCATATCATAG 

GGCTTCTGTTTATGGAGACGATGTGGTGATT 


5461 


Mangifera indica 

Cys34Term 

TGT-TGA 


AATCACCACATCGTCTCCATAAACAGAAGCCCTATGATATGCGGC 
GCTATCCCCTGCAGCTCATACTGATGCGGCAAGAGCGGACTCGT 
AAnGTGAGAAGAAGAATTAGAAGGGCGGAGA 


5462 




TCAGTATGAGCTGCAGG 


5463 




CCTGCAGCICATACTGA 


5464 


2,4-DB resistance 
3-ketoacyl-CoA 
thiolase B 


TCACAATTACGAGTCCGCTCTTGCCGCATCAGTATGTGCTGCAGG 
GGATAGCGCCGCATAGCATAGGGCTTCTGTTTATGGAGACGATGT 
GGTGAnGTGGCAGCTCATCGTACTGCAGTT 


5465 


Mangifera indica 

Tyr42Term 

TAT-TAG 


AAGTGCAGTACGATGAGCTGCCACAATGACCACATCGTCTCCATA 
AACAGAAGCCCTATGCTATGCGGCGCTATCCCCTGCAGCACATAC 
TGATGCGGCAAGAGCGGACTCGTAAnGTGA 


5466 




GCCGCATAGCATAGGGC 


5467 




GCCCTATGCTATGCGGC 


5468 


2 4-DB resistance 

3-l<etoacyl-CoA 

thiolase 


GAAGGCGATCAACAGGCAGAGCATTTTGCTACATGATCTCCGGCC 
nCTTCTTCCGCnAGACAAATGAATCTTCGCTCTCTGCATCGGn 
TGTGCAGGTGGGGATAGTGCTTCGTATCAA 


5469 


Cucumis sativus 

Tyr22Temi 

TAC-TAG 


TTGATACGAAGCACTATCCGGAGCTGGACAAAGCGATGCAGAGAG 
CGAAGATTCATTTGTCTAAGCGGAAGAAGAAGGCCGGAGATGATG 
TAGCAAAATGCTCTGCCTGTTGATCGGCnC 


5470 




TCCGCTTAGACAAATGA 


5471 




TCATTTGTfiTAAGCGGA 


5472 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCAACAGGCAGAGCATTTTGCTACATCATGTCCGGCCTTCTrCTT 
CCGGTTACACAAATTAATCTTGGCTCTCTGCATCGGTrTGTGCAGC 
TGGGGATAGTGCnGGTATCAAAGGACAT 


5473 


Cucumis sativus 

Glu25Term 

GAA-TAA 


ATGTCCTTTGATACGAAGCACTATCCCCAGCTGCACAAACCGATG 
CAGAGAGCGAAGATTAATTTGTGTAAGCGGAAGAAGAAGGCCGG 
AGATGATGTAGCAAAATGCTCTGCCTGTTGAT 


5474 




ACACAAATTAATCnCG 


5475 




CGAAGATTAATTTGTGT 


5476 
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2,4-DB resistance 

3-ketDacyl-CoA 

thiolase 

Cucumis sativus 

Ser27Term 

TCG-TAG 


CACAAATGAATCnAGCTCTCTGCATCGGTTTGTGCAGCTGGGGA 
TAGTGCTTCGTATCAAAGGACATCGGTGn 


5477 


AAPAPPr^ATi^TPPTTTr^ATAPriAA^^PAPTATPPPPAnPTfiPAPAA 

ACCGATGCAGAGAGCTAAGATTCATTTGTGTAAGCGGAAGAAGAA 
GGCCGGAGATGATGTAGCAAAATGCTCTGCC 


5478 


TGAATCTTAGCTCTCTG 


5479 


CAGAGAGCTAAGATTCA 


5480 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Ser31Term 

TCG-TAG 


TP r*T A AXr^ ATPTr^PPr^PPTTPTTPTTP P^iPTT AP A P A A ATH A ATP 

nCGCTCTCTGCATAGGTTTGTGCAGCTGGGGATAGTGCTTCGTA 

TCAAAGGACATCGGTGTTTGGAGATGATGT 


5481 


CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATrTGTGTAAG 
CGGAAGAAGAAGGCCGGAGATGATGTAGCA 


5482 


CTCTGCATAGGTTTGTG 


5483 


CACAAACCIATGCAGAG 


5484 


2.4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucumis sativus 

Cys33Term 

TGT-TGA 


IL/AlL»lUL»V3bLul lul lUI It^UuUl 1 AuAUAAAHaAMIUI lUuOlU 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCTTCGTATCAAAGG 
ACATCGGTGnTGGAGATGATGTCGTGATT 


5485 


A ATP A PP A P ATP ATPTPP A A A P APPnt AT/^TPPTTT^^ AT APr^ A A<^P A 
AA 1 LrALrbALrA 1 OA 1 U 1 LtUAAALrAuUoA 1 Vj 1 1 1 1 I AUvsAAvjUA 

CTATCCCCAGCTGCICAAACCGATGCAGAGAGCGAAGATTCATTT 
GTGTAAGCGGAAGAAGAAGGCCGGAGATGA 


5486 


TGGGTTTGAGCAGCTGG 


5487 


CCAGCTGCICAAACCGA 


5488 


2.4-DB resistance 

3-ketoacyl-CoA 

thiolase 

Cucurbita sp, 

Tyr22Term 

TAT-TAG 


GAAGGCAATCAACAGGCAGAGCATTCTGCTACATCATCTCCGGCC 
nCATCTTCGGCnAGAGCCATGAATCTTCGCTCTCTGCATCGGn 
TGTGCAGCTGGGGATAGTGCGTCGTATCAA 


5489 


TTGATACGACGCACTATCCCCAGCTGCACAAACCGATGCAGAGAG 

CGAAGAnCATGGCTCTAAGGCGAAGATGAAGGCCGGAGATGAT 

GTAGCAGAATGCTCTGCCTGnGATTGCCTTC 


5490 


TCGGCTTASAGCCATGA 


5491 


TCATGGCTgrAAGCCGA 


5492 
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2.4-DB resistance 

3-ketoacyl-CoA 

thiolase 


ATCAACAGGCAGAGCAnCTGCTACATCATCTCCGGCCTTCATCn 

CGGCnATAGCCAnAATCnCGCTCTCTGCATCGGTTTGTGCAG 

CTGGGGATAGTGCGTGGTATCAAAGAACGT 


5493 


Cucurbita sp. 

Glu25Term 

GM-TAA 


ACGTTCTTTGATACGACGCAGTATCCCCAGCTGGAGAAAGCGATG 
CAGAGAGCGAAGAnAATGGCTATAAGCCGAAGATGAAGGCCGG 
AGATGATGTAGCAGAATGCTCTGCCTGTTGAT 


5494 




ATAGGCATTAATCTTCG 


5495 




CGAAGATTAATGGCTAT 


5496 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


GGCAGAGCAnCTGCTACATCATCTCCGGCCnCATCnCGGCTT 
ATAGCCATGAATCTTAGCTCTCTGCATCGGTrTGTGCAGCTGGGG 
ATAGTGCGTCGTATCAAAGAACGTCGGTGTT 


5497 


Cucurbita sp. 

Ser27Term 

TCG-TAG 


AACACCGACGnCTTTGATACGACGCACTATCCCCAGCTGCACAA 
ACCGATGCAGAGAGCTAAGAnCATGGCTATAAGCCGAAGATGAA 
GGCCGGAGATGATGTAGCAGAATGCTCTGCC 


5498 




TGAATCnAGCTCTCTG 


5499 




CAGAGAGCIAAGAnCA 


5500 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TGCTACATCATCTCCGGCCTTCATCTTCGGCTTATAGCCATGAATC 
nCGCTCTCTGCATAGGITTGTGCAGCTGGGGATAGTGCGTCGTA 
TCAAAGAACGTCGGTGTTTGGAGATGATGT 


5501 


Cucurbita sp. 

SerSITerm 

TCG-TAG 


ACATCATCTCGAAACACCGACGTTCnTGATACGACGCACTATCCC 
CAGCTGCACAAACCTATGCAGAGAGCGAAGATTCATGGCTATAAG 
CCGAAGATGAAGGCCGGAGATGATGTAGCA 


5502 




CTCTGCATAGGTTTGTG 


5503 




CACAAACCIATGCAGAG 


5504 


2,4-DB resistance 

3-ketoacyl-CoA 

thiolase 


TCATCTCCGGCCnCATCnCGGCnATAGCCATGAATCTTCGCTC 
TCTGCATCGGTTTGAGCAGCTGGGGATAGTGCGTCGTATCAAAGA 
AGGTCGGTGTTTGGAGATGATGTCGTGATA 


5505 


Cucurbita sp. 

Cys33Term 

TGT-TGA 


TATCACGACATGATCTCCAAACACCGACGTTCnTGATACGACGCA 
GTATCCCCAGCTGCTCAAACCGATGCAGAGAGCGAAGAnGATGG 
GTATAAGCCGAAGATGAAGGCCGGAGATGA 


5506 




TCGGTTTGAGCAGCTGG 


5507 




CCAGCTGCTCAAACCGA 


5508 


2A DB resistance 
Pex14 

Arabidopsis thaliana 


1 CAI AG 1 C 1 C 1 1 1 1 GCCGC 1 1 GGATTCnCCAAGGnAGTGAGCTG 

CTATGGCAACTCATTAGCAAACGCAACCTCCTTCCGAnTTCCCG 

CTCTTGCCGATGAAAAnCCCAGAnCCAG 


5509 


GInSTerm 
CAG-TAG 


GIGGAATCIGGGAATTTTCATCGGCAAGAGCGGGAAAATCGGAAG 

GAGGTTGCGTTTGCTAATGAGnGCCATAGCAGCTCACTAACCTT 

GGAAGAATCCAAGCGGCAAAAGAGACTATGA 


5510 
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../^^tteraBon^ d 




SEQfD 
MO; 




CAACTCATTAGCAAACG 


5511 




CGfmrGCTAATGAGTTG 


5512 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


TAGTCTCTTTTGCCGCTTGGATTCTTCCAAGGriTAGTGAGCTGCTA 

TGGCAACTCATCAGTAAACGCAACCTCCTTCCGATnrCCCGCTC 

nGCCGATGAAAATTCCCAGATTCCAGGn 


5513 


GlnSTerm 
CAA-TM 


AACCTGGAATCTGGGAATTrrCATCGGCAAGAGCGGGAAAATCGG 
AAGGAGGTTGCGmTACTGATGAGTTGCCATAGCAGCTCACTAAC 
CnGGAAGAATCCAAGCGGCAAAAGAGACTA 


5514 




CTCATCAGTAAACGCAA 


5515 




nGCGTTTACTGATGAG 


5516 


2,4 DB resistance 
Pex14 

Arabidopsis Mliana 


CI 1 1 IGGCGCI IGGAI 1 CnCCAAGGnAGTGAGGTGCTATGGCA 
AGTCATCAGCAAACGIAACCTCCTTCCGATTTTCCCGCTCTTGCC 
GATGAAAATTCCCAGAnCCAGGTTCAATTT 


5517 


GlnSTerm 
CAA-TAA 


AAATTGAACCTGGAATCTGGGAATnTCATCGGCAAGAGCGGGAA 
AATCGGAAGGAGGTTACGTrrGCTGATGAGTTGCCATAGCAGCTC 
ACTAACCnGGAAGAATCCAAGCGGCAAAAG 


5518 




AGCAAACGIAACCTCCT 


5519 




AGGAGGTTACGTTTGCT 


5520 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


GCTGCTATGGGAACTCATCAGCAAACGCAACCTCCTTCCGATnT 
CGCGGTCTTGCCGATIAAAATTCCCAGAnCCAGGTTCAAnTACA 
CCTTCTAATCATTATTTCTTAAI 1 1 1 ICTT 


5521 


Glu19Term 
GAA-TAA 


AAGAAAAAnAAGAAATAATGATTAGAAGGTGTAAATTGAACCTGG 
AATCTGGGAAI 1 1 lAATCGGCAAGAGCGGGAAAATCGGAAGGAG 
GTTGCGTTTGCTGATGAGnGCCATAGCAGC 


5522 




TTGCCGATIAAAAnCC 


5523 




GGAATnTAATCGGCAA 


5524 


2,4 DB resistance 
Pex14 

Arabidopsis thaliana 


GCAACTCATCAGCAAACGCAACCTCCnCGGATnTCCCGCTCTT 
GCCGATGAAAATTCCTAGATTCCAGGTTCAATtTACACCTTCTAAT 
CAnATTTCTTAAl 1 1 1 1 CTTTGGTGGATT 


5525 


Gln22Ternfi 
CAG-TAG 


AATCCACCAAAGAAAAATTAAGAAATAATGATTAGAAGGTGTAAATT 
GAACCTGGAATCTAGGAATnTCATCGGCAAGAGCGGGAAAATCG 
GAAGGAGGnGCGTTTGCTGATGAGnGC 


5526 




AAAATTCCIAGATTCCA 


5527 




IGGAATCTAGGAATTTT 


5528 
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Examples 

ProduQtion of albino mutants for the analysis of photosynthetic processes 

Plant productivity is limited by resources available and the ability of plants to harness these 
resources. The conversion of light to chemical energy, which is then used to synthesize carbohydrates, fatty 
acids, sugars, amino acids and other compounds, requires a complex system which combines the light 
harvesting apparatus of pigments and proteins. The value of light energy to the plant can only be realized 
when it is efficiently converted into chemical energy by photosynthesis and fed into various biochemical 
processes. Significant effort has therefore been directed at studying photosynthetic processes in plants in 
order to improve productivity and/or the efficiency of photosynthesis. The analysis of the photosynthetic 
process is substantially aided by the ability to produce albino plants. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 18 

Oligonucleotides to produce albino plants 







'siQll- 


White leaves 
Immutans 

Arabidopsis thaliana 

SerSTerm 

TCA-TGA 


TTC 1 1 1 CCTGTGAAATTATCTGCTCAAATorn fab 1 1 L.L. 1 faAOfafaAfa 

ATGGCGGCGAnTGAGGCATCTCCTCTGGTACGlTGACGATrrCA 

CGGCCTTTGGTTACTCTrCGACGCTCTAG 




/NT* h. r\ K r>^r>rrr\r\ k Krs k r^T a a a a a /^o/^/^OT/^ A A AT/^/^X/^ A A /^/^X A 

CTAGAGCGTCGAAGAGTAACCAAAGGCCGTGAAATCGTCAACGTA 
CCAGAGGAGATGCCTCAAATCGCCGCCATCTCCGTCAGGAACCAA 
AGATTTGAGCAGATAATnCACAGGAAAGAA 


55oU 


GGCGATTTGAGGCATCT 


5531 


AGATGCCTCAAATCGCC 


5532 


White leaves 
Immutans 

Arabidopsis tiialiana 

Leul2Term 

TTG-TA6 


GCTCAAAUJI 1 IGUI ICCTGACGGAGATGGCGGUGAI 1 ICAGGUA 
TCTCCTCTGGTACGTAGACGATTTCACGGCCITTGGTTACTCnCG 
ACGCTCTAGAGCCGCCGTTTCGTACAGCTC 


5533 


^ A ji. A AAA A^%^%#\^%^N^*T*/\'T* A ^\ A ^N^/%'r/N^N A A A ^X A A AAA 

GAGCTGTACGAAACGGCGGCTCTAGAGCGTCGAAGAGTAACCAAA 
r^r;rrr5Tr5AAATrf^TrTArnTArPARARRARATGCCTGAAATCt?CCI 

GCCATCTCCGTGAGGAACGAAAGAnTGAGC 


5534 


TGGTACGTAGACGATrr 


5535 


AAATCGTCIACGTACCA 


5536 


White leaves 
Immutans 

Arabidopsis tiialiana 
Ser15Term . 
TCA-TGA 


■nTGGnCCTGACGGAGATGGCGGCGATITCAGGCATCTCCTCTG 
GTACGnGACGATTTGACGGCCTTTGGnACTCnCGACGCTCTAG 
AGCCGCCGTTTCGTACAGCTCCTCTCACCG 


5537 


CGGTGAGAGGAGCTGTACGAAAGGGCGGCTCTAGAGCGTCGAAG 
AGTAACCAAAGGCCGTCAAATCGTCAACGTACGAGAGGAGATGCC 


5538 


GACGATTTGACGGCCTT 


5539 


AAGGCCGTCAAATGGTC 


5540 


White leaves 
Immutans 

Arabidopsis thaliana 

Arg22Temi 

CGA-TGA 


GCGGCGATTTCAGGCATCTCCTCTGGTACGTTGACGATrrCACGG 
CCTrTGGTrACTCnTGACGCTCTAGAGCCGCCGTTTCGTACAGCT 
CCTCTCACCGATTGCnCATCATCnCCTC 


5541 


GAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTGTACGAAACG 

GCGGCTCTAGAGCGTCAAAGAGTAACCAAAGGCCGTGAAATCGTC 

AACGTACCAGAGGAGATGCCTGAAATCGCCGC 


5542 


TTACTCTTIGACGCTCT 


5543 


AGAGCGTCAAAGAGTAA 


5544 
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White Ipswp^ 

Immutans 

Arabidopsis thaliana 

Arg25Term 

AGA-TGA 


TCAGGCATCTCCT(^TGGTACGTrf5ACf5ATTTCACGGCCTTTGGTTA 

CTCTTCGACGCTCTTGAGCCGCCGTTTCGTACAGCTCCTCTCACC 

GATTGCTTCATCATCnCCTCTCTCnCTC 




GAGAAGAGAGAGGAAGATGATGAAGCAATCGGTGAGAGGAGCTG 
TACGAAACGGCGGCTCAAGAGCGTCGAAGAGTAACCAAAGGCCG 
TGAAATCGTCAACGTACCAGAGGAGATGCCTGA 


5546 




5547 






White l^^^vpQ 

Immutans 

Lycopersicon 

esculentum 

GlyllTemi 

GGA-TGA 


GATTCTTGTGGGAAGGAAGAAGGATCAAGAATGGCGATTTCGATTT 
CTGCTATGAGI 1 1 1 IGAAGCICAGI 1 ICI ICAIAI ICI IGI 1 1 lAGA 
GCTAGGAGTnTGAGAAGTCATCAGTTT 


5549 


AAACTGATGACTTCTCAAAACTCCTAGCTCTAAAACAAGAATATGAA 
GAAACTGAGGTTCAAAAACTCATAGCAGAAATCGAAATCGCCATTC 
nGATCCTTCnCCnCCCACAAGAATC 


5550 


TGAGI 1 1 1'F'GAACCTCA 


5551 


TGAGGTTCAAAAACTCA 


5552 


Whifp jpaup^ 

VVIIIlw IwCIVCw 

Immutans 

Lycopersicon 

esculentum 

Ser13Term 

TCA-TGA 


GTGGGAAGGAAGAAGGATCAAf3AATGGCGATTTCGATTTCTGCTA 
TGAGI 1 1 IGGAACCTGAGTTTCTTCATAnCnGnTTAGAGCTAGG 
AGI 1 1 IGAGAAGICAICAGI 1 1 lATGCAA 


5553 


TTGCATAAAACTGATGACTTCTCAAAACTCGTAGCTCTAAAACAAGA 

ATATGAAGAAACTCAGGTTCCAAAACTCATAGCAGAAATCGAAATC 

GCCATTCTTGATCCTTCnCGTTCCCAC 


5554 


TGGAACCTGAGTTTCTT 


5555 


AAGAAACTCAGGTTCCA 


5556 


White leaves 

Immutans 

Lycopersicon 

esculentum 

Ser16Term 

TCA-TGA 


AAGAAGGAICAAGAAIGGCGAI 1 ICGAI 1 lUIGCIAIGAGI i 1 IGG 
AACCTCAGTTrcnGATATrCnGTnTAGAGCTAGGAGTTTTGAGA 
AGTCATCAGTTrTATGCAATTCCCAGAA 


5557 


TTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCGTAGCTC 
TAAAACAAGAATATCAAGAAACTGAGGnCCAAAACTCATAGCAGA 
AATCGAAATCGCCATTCTTGATCCTTCTr 


5558 


AGTTTCnGATATTCn 


5559 


AAGAATATCAAGAAACT 


5560 


\A/hito lo3i/oc 

Immutans 

Lycopersicon 

esculentum 

TyrlTTemi 

TAT-TAG 


A<^ftATrAAfiAATfif5r(^ ATTTrftATTTrTf^rTATfiAfi 1 1 1 1 rtfJAAPP 
rtvjvaniVjMMVannI V30(->uAI 1 IV^VSMI 1 ILrloOlnlVanOI 1 1 1 vjonrtV^lj 

TCAGTnCTTCATAGTCnGTnTAGAGGTAGGAGTTTTGAGAAGTC 
ATCAGtTTTATGCAATTCCCAGAACCCA 


000 1 


TGGGTTCTGGGAATTGCATAAAACTGATGACTTCTCAAAACTCCTA 
GCTCTAAAACAAGACTATGAAGAAAGTGAGGTTCCAAAACTCATAG 
CAGAAATCGAAATCGGCAnCTTGATCOT 


5562 


TCTrCATAGTCTTGTTT 


5563 


AAACAAGAfiTATGAAGA 


5564 
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White leaves 

mmutans 

Lycopersicon 

esailentum 

Cys19Term 

TGT-TGA 


AAGAATGGCGATTTCGATTTCTGCTATGAGTnTGGAACCTCAGTT 

TCTTCATATTCnGATTTAGAGCTAGGAGmTGAGAAGTCATCAGT 

TTTATGCAAnCCCAGAACCCATGTCGG 


5565 


CCGACATGGGnCTGGGAAnGCATAAAACTGATGACTTGTCAAAA 
CTCCTAGCTCTAAATCAAGAATATGAAGAAACTGAGGTTCCAAAAC 
TCATAGCAGAAATCGAAATCGCCAHCTT 


5566 


TATTCnGATTTAGAGC 


5567 


GCTCTAAAICAAGAATA 


5568 


White leaves 
Immutans 
Capsicum annuum 
Ser13Temi 
TCA-TGA 


CGCGTCCGATAAAAAAATCAAGAATGGCGATTTCCATATCTGCTAT 
GAGTTTTCGAACnGAGTrrcncnCATAnCAGCATTnTGTGCA 
ATTCCAAGAACCCAI 1 1 IGTITGAATTC 


5569 


GAATTCAAACAAAATGGGTTCTTGGAATTGCACAAAAATGCTGAAT 
ATGAAGAAGAAACTCAAGTTCGAAAACTCATAGCAGATATGGAAAT 
CGCCATTCTTGAI 1 1 1 11 lATCGGACGCG 


5570 


TCGAACTTGAGTTTCn 


5571 


AAGAAACTCAAGTTCGA 


5572 


White leaves 
Immutans 
Capsicum annuum 
Ser17Temi 
TCA-TGA 


AAAAATCAAGAATGGCGATTTCCATATCTGCTATGAGTTTTCGAACT 
TCAGTTTCncnGATATTCAGCAl 1 1 1 1 GTGCAATTCCAAGAACCC 
ATTrTGTTTGAATTCTCTAI 1 1 ICACT 


5573 


AGTGAAAATAGAGAATTCAAACAAAATGGGTTCnGGAATTGCACA 
AAAATGCTGAATATCAAGAAGAAACTGAAGTTCGAAAACTCATAGC 
AGATATGGAAATCGCCATTCTTGAI II 1 1 


5574 


TTCTTCTTGATAnCAG 


5575 


CTGAATATCAAGAAGAA 


5576 


White leaves 
Immutans 
Capsicum annuum 
Ser19Temi 
TCA-TGA 


CAAGAATGGCGATTTCCATATCTGCTATGAGTTnCGAACTTCAGT 
TTCTTCTTCATATTGAGCAI 1 1 1 1 GTGCAATTCCAAGAACCCATTTT 
GTTTGAAnCTCTAI 1 1 ICACnAGGAA 


5577 


TTCCTAAGTGAAAATAGAGAAnCAAACAAAATGGGTTCTTGGAATT 
GCACAAAAATGCTCAATATGAAGAAGAAACTGAAGTTCGAAAACTC 
ATAGCAGATATGGAAATCGCCAnCTTG 


5578 


TTCATATTGAGCATTTT 


5579 


AAAATGCTCAATATGAA 


5580 


White leaves 
Immutans 
Capsicum annuum 
Leu21Temi 
HG-TAG 


CGAmCCATATCTGCTATGAGTnTCGAACnCAGTrTCTTCTrCA 
TAnCAGCAnTTAGTGCAATTCCAAGAACCCATTTTGTTTGAAnC 
TCTAI 1 1 1 CACTTAGGAATTCTCATAG 


5581 


CTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATGGGTT 

CTTGGAATTGCACIAAAATGCTGAATATGAAGAAGAAACTGAAGTT 

CGAAAACTCATAGCAGATATGGAAATCG 


5582 


AGCATTTTAGTGCAATT 


5583 


AATTGCACIAAAATGCT 


5584 
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White leaves 
Immutans 
Capsicum annuum 
Cys22Term 
TGC-TGA 


1 ICCAIAICIGCIAIGAGI 1 1 ICGAACI ICAGI 1 ICI ICI ICAIAI 1 
CAGGAI 1 1 1 IGI GAAAIIGCAAGAACUCAII 1 1 GTTTGAAnCTCTA 
TTnCACnAGGAAnCTCATAGAACT 


5585 


AGTTCTATGAGAATTCCTAAGTGAAAATAGAGAATTCAAACAAAATG 

GGTTCTTGGAATTTCACAAAAATGCTGAATATGAAGAAGAAACTGA 

AGnCGAAAACTCATAGCAGATATGGAA 


5586 


TTTITGTGAAATTCCAA 


5587 


TTGGAATTTCACAAAAA 


5588 


White leaves 
Immutans 
Oryza sativa 
Glu22Term 
GAG-TAG 


TTCGGCAC6AGGGAGAAGGAGCAGACCGAGGTGGCCGTCGAGG 

AGTCCnCCCCnCAGGTAGACGGGTCCTCCTGACGAGCCACTGG 

TCACCGCCGAGGAGAGCTGGGTGGnAAGCTCG 


5589 


CGAGCTTAACCACCCAGCTCTCCTCGGCGGTGACCAGTGGCTCG 
TCAGGAGGAGCCGTCTACCTGAAGGGGAAGGACTCCTCGACGGC 
CACCTCGGTCTGCTCCTTCTCCCTCGTGCCGAA 


5590 


CCTTCAGGIAGACGGGT 


5591 


AGCCGTCTACCTGAAGG 


5592 


White leaves 
Immutans 
Oryza sativa 
Glu28Term 
CAG-TAG 


GAGCAGACCGAGGTGGCCGTCGAGGAGTCCTTCCCCTTCAGGGA 
GACGGCTCCTCCTGACTAGCCACTGGTCACCGCCGAGGAGAGCT 
GGGTGGrrAAGCTCGAGCAGTCCGTGAACATTT 


5593 


AAATGTTCACGGACTGCTCGAGCTTAACCACCCAGCTCTCCTCGG 
CGGTGACCAGTG6CTAGTCAGGAGGAGCCGTCTCCCTGAAGGGG 
AAGGACTCGTCGACGGCGACCTCGGTCTGGTC 


5594 


GTCGTGAGIAGGGAGTG 


5595 


CA6TGGGTAGTGAGGAG 


5596 


White leaves 
Immutans 
Oryza sativa 
Glu34Term 
GAG-TAG 


GTGGAGGAGTGGTTGCGGTTGAGGGAGAGGGCTGGTCCTGAGGA 
GGGAGTGGTGAGCGCGTAGGAGAGGTGGGTGGTTAAGCTCGAGC 
AGTGGGTGAAGAI 1 1 1 CGTCAGGGAGTGAGTGA 


5597 


TGAGTGAGTGGGTGAGGAAAATGTTGAGGGAGTGGTGGAGCTTAA 
CGAGCCAGCTGTGGTAGGGGGTGAGCAGTGGCTGGTGAGGAGGA 
GGCGTGTGCGTGAAGGGGAAGGAGTCGTGGAG 


5598 


TGAGGGGGIAGGAGAGG 


5599 


GGTGTGGTAGGGGGTGA 


5600 


Whifp l^^iupk^ 

vviiiL^ i^avwo 

Immutans 
Oryza sativa 
Glu35Temi 
GAG-TAG 


GAGGAGTCCTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCC 

w^\w^J*»^J 1 \J\J 1 1 V/Wv/w 1 1 \^f^\J\J\Ji\\Jr\\j\J\J\^ 1 WW I ww 1 xJ/^ w W/\ W w 

AGTGGTGAGGGCGGAGTAGAGGTGGGTGGTTAAGGTGGAGGAGT 
GCGTGAACATTTTCCTCACGGAGTGAGTCATGA 




TGATGAGTGAGTGGGTGAGGAAAATGTTGAGGGAGTGGTGGAGGT 
TAAGGAGGGAGGTGTAGTGGGGGGTGAGGAGTGGGTGGTGAGGA 
GGAGCGGTCTCCCTGAAGGGGAAGGAGTGCTC 


5602 


GGGGGGAGTAGAGGTGG 


5603 


CGAGCTCTAGTGGGGGG 


5604 
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White leaves 
Immutans 
Oryza satfva 
TrpSTTemd 
TGG-TGA 


CTTCCCCTTCAGGGAGACGGCTCCTCCTGACGAGCCACTGGTCAC 

GGCCGAGGAGAGCTGAGTGGnAAGCTCGAGCAGTCCGTGAACA 

TTTTCCTCACGGAGTCAGTCATCACGATACTT 


5605 


AAGTATCGTGATGACTGACTCCGTGAGGAAAATGTTCACGGACTG 

CTCGAGCTTAACCACTCAGCTCTCCTCGGCGGTGACCAGTGGCTC 

GTCAGGAGGAGCCGTGTCCCTGAAGGGGAAG 


5606 


GAGAGCTGAGTGGTTAA 


5607 


TTAACCACTCAGCTCTC 


5608 


White leaves 
Immutans 
Triticum aestivum 
Trp22Tenm 
TGG-TGA 


TCCGGAGGAGGAAGGGGGAnCGACGAGGAGCTCACCCTCGCCG 

GCGAGGACGGCGACTGAGTCGTCAGAnCGAGCAGTCCnCAAC 

GTAnCCTCACGGATACTGTCATCTTTATACTC 


5609 


GAGTATAAAGATGACAGTATCCGTGAGGAATACGnGAAGGACTG 
CTCGAATCTGACGACTCAGTCGCCGTCCTCGCCGGCGAGGGTGA 
GCTCCTCGTCGAATCCCCCnCCTCCTCCGGA 


5610 


GGCGACTGAGTCGTCAG 


5611 


CTGACGACICAGTCGCC 


5612 


White leaves 
Immutans 
Wcum aesVvum 
Arg25Term 
AGA-TGA 


GAGGAAGGGGGAnCGACGAGGAGCTCACCCTCGCCGGCGAGG 
ACGGCGACTGGGTCGTCTGAnCGAGCAGTCCTTCAACGTATTCC 
TCACGGATACTGTCATCTlTATACTCGATAnC 


5613 


GAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATACGnGAA 
GGACTGCTCGAATCAGACGACCCAGTCGCCGTCGTCGCCGGCGA 
GGGTGAGCTCCTCGTCGAATCCCCCnCCTC 


5614 


GGGTCGTCTCATTCGAG 


5615 


CTCGAATCAGACGACCC 


5616 


White leaves 
Immutans 
Triticum aes<M/m 
Glu27Temi 
GAG-TAG 


GGGGGAnCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCG 

ACTGGGTCGTCAGATTCIAGCAGTCCnCAACGTAnCCTCACGGA 

TACTGTCATCTnATACTCGATATTCTGTATC 


5617 


GATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAATAC 
GTTGAAGGACTGCTAGAATCTGACGACCCAGTCGCCGTCCTCGCC 
GGCGAGGGTGAGCTCCTCGTCGAATGCCCC 


5618 


TCAGATTCIAGCAGTCG 


5619 


GGACTGCTAGAATCTGA 


5620 


White leaves 
Immutans 
TriScum aesSwm 
Gln28Term 
CAG-TAG 


GGATTCGACGAGGAGCTCACCCTCGCCGGCGAGGACGGCGACTG 
GGTCGTCAGAnCGAGTAGTCCnCAACGTATTCCTCACGGATACT 
GTCATCnTATACTCGATAnCTGTATCGTG 


5621 


CACGATACAGAATATCGAGTATAAAGATGACAGTATCCGTGAGGAA 
TACGTTGAAGGACTACTCGAATCTGACGACCCAGTCGGGGTCGTC 
GCCGGCGAGGGTGAGCTCCTCGTCGAATCC 


5622 


GATTCGAGTAGTCCTTC 


5623 


GAAGGACTACTGGAATC 


5624 
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White leaves 
Immutans 
Triticum aestivum 


CGAGCAGTCCTTCAACGTATTCCTCACGGATACTGTCATCTTTATA 
CTGGATATTCTGTAGGGTGAGGGeGACTACGCAAGGTTCTTeGTG 
CTCGAGACCATCGCCAGGGTGCCCTATTTC 


5625 


Tyr46Term 
TAT-TAG 


GAAATAGGGCACCCTGGCGATGGTCTCGAGCACGAAGAACCTTG 
CGTAGTCGCGGTCACGCTACAGAATATCGAGTATAAAGATGACAG 
TATGCGTGAGGAATACGnGAAGGACTGCTCG 


5626 




ATTCTGTAGCGTGACCG 


5627 




CGGTCACGCTACAGAAT 


5628 
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Examples 
Altering amino acid content of plants 

Another aim of biotechnology is to generate plants, especially crop plante, with added value 
traits. An example of such a trait is improved nutritional quality in food crops. For example, lysine, 
tryptophan and threonine, which are essential amino acids in the diet of humans and many animals, are 
limiting nutrients in most cereal crops. Consequently, grain-based diets, such as those based on corn, 
barley, wheat rice, maize, millet, sorghum, and the like, must be supplemented with more expensive 
synthetic amino acids or amino-acid-containing oilseed protein meals. Increasing the lysine content of these 
grains or of any of the feed component crops would result in significant added value. 

Naturally occurring mutants of plants that have different levels of particular essential amino 
acids have been identified. However, these mutants are generally not the result of increased free amino 
acid, but are instead the result of shifts in the overall protein profile of the grain. For example, in maize, 
reduced levels of lysine-deficient endosperm proteins (prolamines) are complemented by elevated levels of 
more lysine-rich proteins (albumins, globulins and glutelins). While nutritionally superior, these mutents are 
associated with reduced yields and poor grain quality, limiting their agronomic usefulness. 

An alternative approach is to generate plants with mutations that render key amino acid 
biosynthetic enzymes insensitive to feedback inhibition. Many such mutations are known and mutation 
results in increased free amino acid. The increased production can optionally be coupled to increased 
expression of an abundant storage protein comprising the chosen amino acid. Alternatively, a nomnally 
abundant protein can be engineered to cont^n more of the target amino acid. 

The attached table discloses exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations that remove feedback inhibition in plant amino acid biosynthetic 
enzymes. 
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Table 19 

Genome-Alterinq Oligos Conferring Amino Acid Ovetproduction 



5 



» Pberi6type,.6erie, 
Alteration , ; 


' / ^ ^ * >^ s •• % % . ^ ' « ^ y ■• i 5 


CEA'tr\ 

. NO:'" 


IVIet Overproduction . 
COS 

Arabidopsis thaliana 


TATCCTCCAGGATCnAAGATTTCCTCCTAATnCGTCCGTCAGCT 
GAGCATTAAAGCCCATAGAAACTGTAGCAACATCGGTGnGCACA 
GATCGTGGCGGCTAAGTGGTCCAACAACCC 


5629 


Arg77His 
CGT-CAT 


GGGnGnGGACCACTTAGCCGCCACGATCTGTGCAACACCGAT 
GTTGCTACAGTTTCTAIGGGCTTTAATGCTCAGCTGACGGACGAA 
ATTAGGAGGAAATCTTAAGATCCTGGAGGATA 


5630 




TAAAGCCCATAGAAACT 


5631 




AGTnrCTAIGGGCTTTA 


5632 


Met Overproduction 


TCTTAAGATiTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGC 


5633 


CGS 

Arabidopsis thaliana 


CCGTAGAAACTGTAACAACATCGGTGnGCACAGATCGTGGCGG 
CTAAGTGGTCCAACAACCCATCCTCCGCGTT 




SerSIAsn 
AGC-AAC 


AACGCGGAGGATGGGTTGTTGGACCACTTAGCCGCCACGATCTG 

TGCAACACCGATGTTGFACAGTTrCTACGGGCnTAATGCTCAGC 

TGACGGACGAAAHAGGAGGAAATCTTAAGA 


5634 




AAACTGTAACAACATCG 


5635 




CGATGTTGTTACAGTn 


5636 


Met Overproduction 


TTTCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAA 


5637 


CGS 

Arabidopsis Uialiar^a 


ACTGTAGCAACATCAGTGTTGCACAGATCGTGGCGGCTAAGTGGT 
CCAACAACCCATCCTCCGCGnACCnCGG 




Gly84Ser 
GGT-AGT 


CCGAAGGTAACGCGGAGGATGGGTTGnGGACCACnAGCCGCC 
ACGATCTGTGCAACACTGATGTTGCTACAGTTTCTACGGGCrrrAA 
TGCTCAGCTGACGGACGAAATTAGGAGGAAA 


5638 




GCAACATCAGTGTTGCA 


5639 




TGCAACACIGATGHGC 


5640 


Met Overproduction 
CGS 

Arabidopsis thaliana 


nCCTCCTAATTTCGTCCGTCAGCTGAGCATTAAAGCCCGTAGAAA 
CTGTAGCAACATCGATGTTGCACAGATCGTGGCGGCTAAGTGGTC 
CAACAACCCATCCTCCGCGTTACCnCGGC 


5641 


Gly84Asp 
GGT-GAT 


GCCGAAGGTAACGCGGAGGATGGGTTGTTGGACCACnAGCCGC 
CACGATCTGTGCAACATCGATGTTGCTACAGTTTCTACGGGCTITA 
ATGCTCAGCTGACGGACGAAATTAGGAGGAA 


5642 




CAACATCGATGTTGCAC 


5643 




GTGCAACAICGATGTTG 


5644 
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'- M'^%lii^athni ■ 






Met Overproduction 
CGS 

Fragraria vesca 
Arg73His 

cgc<;ac 


TATCGTCACTCATCCTCCGCTTCCCTCOOAALITObTLUbLLAbt/ 
TCAGCACCAAGGCCCACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCGGCTTCGTGGTCCAACAAAGA 


5o45 


T ATTT^TTP A A A A A A A O AAA A A^ ATAT^ A A A/^ A A^^ A A^i AT 

GTTGCTGCAGTTGCGGTGGGCCTTGGTGCTGAGCTGGCGGACGA 
AGnGGGAGGGAAGCGGAGGATGAGTGACGATA 


OD*fO 


A A A A AA AAA A AAA A A AT 


00*f f 


A ATTA A AATA A A AATTA 


OD*tO 


iviet uverproQUCDon 
CGS 

Fragraria vesca 

SerTTAsn 

AGC-AAC 


TAATAPr^xpTTPArTArrAAPTTrCTrrr^rrAf^rTPArjPAnnAAfi 

GCCCGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGC 

GGCTrCGTGGTCCAACAAAGACTCCGACCnTC 




AAA A AATAAAA ATATTTATTAAAAAAAriA AAAAAA^AAOATAT^i 

bAAAbb 1 ObbAb 1 U 1 1 I b 1 1 bbAbOAUbAAboLrbLrbAUbA 1 0 1 b 

CGCGACGCCGATGTTGTTGCAGTTGCGGCGGGCCTTGGTGCTGA 
GCTGGCGGACGAAGnGGGAGGGAAGCGGAGGA 


OODU 


A A r^X/^f^ A A A A A A ATA A 

CAACTGCAAuAALrA 1 ub 


DOO 1 


A A AT ATTATT^ A A f^TT/^ 
L»bA 1 b M bj. 1 bOAb Mb 




IVIcl VJVcipiUUUUUUll 

CGS 

Fragraria vesca 

GlySOSer 

6GC-AGC 


TTf^f^PTf'f^rAArTTCGTCCGCCAGCTCAGCACCAAGGCCCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCGGCTTCGT 
GGTCCAACAAAGACTCCGACCTTTCGGCGGTGC 


5653 


ACGATCTGCGCGACGCTGATGnGCTGCAGnGCGGCGGGCCn 
GGTGCTGAGCTGGCGGACGAAGTTGGGAGGGAA 




AAA A A ATA AriAriTAriA^^ 
bbAAbA 1 OAbUo 1 Uouo 




GGCGACGCTGATGTTGC 


3000 


Met Overproduction 
CGS 

Fragraria vesca 

GlySOAsp 

GGC-GAC 


T aPPY A A A A A ATTP AT A Ar2 A A A r^PY A A ^tiP A A A A A <^f5r A A f5 A Af5 A 

AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCGGCnCGTG 
GTCCAACAAAGACTCCGACCTTTCGGCGGTGCC 


OQO/ 


GGCAC/CGoLoAAAvao 1 UooAo 101 1 1 o 1 1 ooAOL-AUb/WoOl/laO 
GACGATCTGCGCGACGTCGATGnGCTGCAGnGCGGCGGGCCT 
TGGTGCTGAGCTGGCGGACGAAGTTGGGAGGGA 


DOOO 


CAACATCGACGTCGCGC 


OOOa 


AA^iAr^AAf^TAr^ATr^TTri 


S660 


Met Overproduction 
CGS 

Glycine max 

Arg68His 

CGC-CAC 


TCTCCTCCCTCATCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGC 
TAAGCACCAAGGCGAGCCGCAACTGCAGCAACATCGGCGTCGCG 
CAAATCGTCGCCGCTTCGTGGTCGAACAACAG 


5661 


CTGTTGnCGACCACGAAGCGGCGACGATTTGCGCGACGCCGAT 
GTTGCTGCAGnGCGGCTCGCCTTGGTGCTTAGCTGGCGCTGGA 
AGTTGGGAGGGAAGCGGAGGATGAGGGAGGAGA 


5662 


CCAAGGCGAGCCGCAAC 


5663 
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GTTGCGGCICGCCTTGG 


5664 




Met Overproduction 
CGS 

Glydne max 


TCCTCCGCTTCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAG 

GCGCGCCGCAACTGCAACAACATCGGCGTCGCGCAAATCGTCGC 

CGCnCGTGGTCGAACAACAGCGACAACTCTCC 


0000 


5 


Ser72Asn 
AGC-AAC 


GGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGCGACGATTTG 
CGCGACGCCGATGTTG1TGCAGTTGCGGCGCGCCTTG6TGCTTA 
GCTGGCGCTGGAAGTTGGGAGGGAAGCGGAGGA 


5666 






CAACTGCAACAACATCG 


5667 






CGATGTTGnGCAGnG 


5668 




Met Overproduction 
CGS 

Glycine max 


TTCCCTCCCAACTTCCAGCGCCA6CTAAGCACCAAGGCGCGCCG 
CAACTGCAGCAACATCAGCGTCGCGCAAATCGTCGCCGCnCGT 
GGTCGAACAACAGCGACAACTCTCCGGCCGCCG 


5669 


10 


Gly75Ser 
GGC-AGC 


CGGCGGCCGGAGAGTTGTCGCTGnGTTCGACCACGAAGCGGC 

GACGATTTGCGCGACGCIGATGnGCTGCAGTTGCGGCGCGCCT 

TGGTGCnAGCTGGCGCTGGAAGTTGGGAGGGAA 


5670 






GCAACATCAGCGTCGCG 


5671 






CGCGACGCIGATGTTGC 


5672 




Met Overproduction 
CGS 

G//c/ne max 


TCCCTCCCAACTTCCAGCGCCAGCTAAGCACCAAGGCGCGCCGC 
AACTGCAGCAACATCGACGTCGCGCAAATCGTCGCCGCTTCGTG 
GTCGAACAACAGCGACAACTCTCCGGCCGCCGG 


5673 


15 


Gly75Asp 
GGC-GAC 


CCGGCGGCCGGAGAGTTGTCGCTGTTGTTCGACCACGAAGCGGC 
GACGATiTGCGCGACGTCGATGnGCTGCAGTTGCGGCGCGCCT 
TGGTGCTTAGCTGGCGCTGGAAGTTGGGAGGGA 


5674 






CAACATCGACGTCGCGC 


5675 






GCGCGACGICGATGTTG 


5676 




Met Overproduction 
CGS 

Solanum tuberosum 


IGTCTTCTClUAl 1 1 lUAUUI 1 lULJIUUIAAl 1 lUyHiAUUUAUUI 

.AAGCATTAAGGCTCACAGGAATTGCAGCAATAnGGCGTGGCTCA 

AGTTGTGGCGGCnCCTGGTCTAACAACCA 


5677 


20 


Arg70His 
AGG-CAC 


TGGTTGTTAGACCAGGAAGCCGCCACAACTTGAGCCACGCCAATA 
TTGCTGCAATTCCTGTGAGCCnAATGCnAGCTGCCTCACGAAAT 
TAGGAGGAAACCTGAAAATCAGAGAAGACA 


5678 






TAAGGCTCACAGGAATT 


5679 






AAnCCTGTGAGCCnA 


5680 




Met Overproduction 
CGS 

Solanum tuberosum 


i 1 1 ICAGGI 1 ICC ICC lAA II ICGIGAGGCAGCTAAGCATTAAGGC 
TAGGAGGAAnGCAACAATAnGGCGTGGCTCAAGTTGTGGCGG 

CTTCCTGGTCTAACAACCAAGCCGGTCCTGA 


5681 


25 


Ser74Asn 
AGC-AAC 


TCAGGACCGGCTTGGrrGTTAGACCAGGAAGCCGCCACAACTTG 

AGCCACGCCAATAnGTTGCAAnCCTCCTAGCCTTAATGCnAGC 

TGCCTCACGAAAnAGGAGGAAACCTGAAAA 


5682 
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5683 


rAATATTmrnPAATTn 


5684 


CGS 

Solanum tuberosum 

Gly77Ser 

GGC-A6C 


tTTCCTCCTAAl 1 1 CG I GAGGCAGCTAAGCATTAAGGCTAGGAGG 

AATTGCAGCAATAnAGCGTGGCTCAAGnGTGGCGGCnCCTGG 

TCTAACAACCAAGCCGGTCCTGAAnCACTC 


5685 


fiAftTRAATrrARftArTfifiCTTGGTTGTTAGACCAGGAAGCCGCC 

ACAACTTGAGCCACGCTAATATTGCTGCAAnCCTCCTAGCCTTAA 

TGCTTAGCTGCCTCACGAAATTAGGAGGAAA 


5686 


A AT ATT A r^rCT(^(^rT 


5687 


A riPPAPfiPTA ATATT^^P 


5688 


IVlCl VJVCl piuuuuuuii 

CGS 

Solanum tuberosum 

Gly77Asp 

GGC-GAC 


TTCCTCCTAATTtdGtGAGGCAGCTAACaCATTAAGGCtAGGAdGA 
ATTGCAGCAATATTGACGTGGCTCAAGTTGTGGCGGCTTCCTGGT 
CTAACAACCAAGCCGGTCCTGAATTCACTCC 


5689 


r'PArST/^AATTr'Arjr^APrriftr'TTftf^TTftTTARArPAftRAARPnftr; 

CACAACnGAGCCACGTCAATAnGCTGCAATTCCTCCTAGCCnA 
ATGCnAGCTGCCTCACGAAATTAGGAGGAA 


5690 


P A AT ATTri AP^^T^^riPTP 


5fiQ1 


Ai^O/^ A/^/^T/^A AX A 'I 'I O 

GAGCCACGTCAATATTG 




Met Overproduction 
CGS 

Me$embryanV)emum 
crystallinum 
Arg73His 
CGC-CAC 


"pTtPPYPYPTtATPPtTPnPTTt^^f^yPPr^AAPTTTrtTfY^CTf^AfiPT 

CAGCACCAAGGCTCGCCACAACTGCAGCAACATTGGTGTCGCAC 
AGGTCGTCGCTGCCTCCTGGTCCAACAACTC 




GAGTTGTTobALOAbbAooOAbobAOoAOU 1 o 1 oL.uAUAOoA/\ 1 
GnGCTGCAGTTGTGGCGAGCCnGGTGCTGAGCTGACGGACAA 
AGTTGGGAGGAAAGCGAAGGATAAGAGAGGAAG 


ooy^ 


GGCTC/bULAuAAO 1 oUA 


00^0 


TfiPAr^TTriTf^r^Pf^Anpp 


5696 


CGS 

Mesembryanthemum 
crystallinum 
Ser77Asn 
AGC-AAC 


TCCTTCGCTTTCCtCCCAACTn6TCCGTCAGCTCAGCACCAA(5(3 
CTCGCCGCAACTGCAACAACATTGGTGTCGCACAGGTCGTCGCT 
GCCTCCTGGTCCAACAACTCCGATGCCGGCGC 


5697 


GCGCCGGCATCGGAGTTGnGGACCAGGAGGCAGCGACGACCT 
GTGCGACACCAATGTTGirGCAGnGCGGCGAGCCTTGGTGCTG 
AGCTGACGGACAAAGnGGGAGGAAAGCGAAGGA 


5698 


CAACTGCAACAACAHG 


5699 


CAATGTTGITGCAGnG 


5700 
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Met Overproduction 
CGS 


1 1 1 UOTL'LrOAAU M 1 b 1 UOb TOAtiO 1 UAbOAUOAAobO 1 UbLrObO 
AACTGCAGCAACATTAGTGTCGCACAGGTCGTCGCTGCCTCCTG 


0/Ul 


Mesembryanthemum 


GTCCAACAACTCCGATGCCGGCGCCACCTCTT 




crystallinum 

GlySOSer 

GGT-AGT 


AAGAGGTGGCGCCGGCATCGGAGTTGTTGGACCAGGAGGCAGC 
GACGACCTGTGCGACACTAATGTTGCTGCAGTTGCGGCGAGCCT 
TGGTGCTGAGCTGACGGACAAAGnGGGAGGAAA 


5702 




GCAACATTAGTGTCGCA 


5703 




TGCGACACIAATGHGC 


5704 


Met Overproduction 
CGS 


TTCCTCCCAACTTTGTCCGTCAGCTCAGCACCAAGGCTCGCCGCA 
ACTGCAGCAACATTGATGTCGCACAGGTCGTCGCTGCCTCCTGG 


5705 


Mesembryanthemum 


TCCAACAACTCCGATGCCGGCGCCACCTCTTG 




crystallinum 

GlySOAsp 

GGT-GAT 


CAAGAGGIGGCGCCGGCATCGGAGHGnGGACCAGGAGGCAG 
CGACGACCTGTGCGACAICAATGTTGCTGCAGTTGCGGCGAGCC 
TTGGTGGTGAGCTGACGGACAAAGTTGGGAGGAA 


5706 




CAACATTGATGTCGCAC 


5707 




GTGCGACAICAATGTTG 


5708 


Met Overproduction 
CGS 

Zeamays 


CCTCTGCTACCATCCTCCGCTTTCCGCCAAACTTTGTCCGCCAGC 
TTAGCACCAAGGCACACCGCAACTGCAGCAACATCGGCGTCGCG 
CAGATCGTCGCCGCCGCGTGGTCCGACTGCCC 


5709 


Arg41His 
CGC-CAC 


GGGCAGTCGGACCACGCGGCGGCGACGATCTGCGCGACGCCGA 

TGTTGCTGCAGnGCGGTGTGCCTTGGTGCTAAGCTGGCGGACA 

AAGTTTGGCGGAAAGCGGAGGATGGTAGCAGAGG 


5710 




CAAGGCACACCGCAACT 


5711 




AGTTGCGGIGTGCCTTG 


5712 


Met Overproduction 
CGS 


TCCTCCGCTTTCCGCCAAACTTTGTCCGCCAGCTTAGCACCAAGG 
CACGCCGCAACTGCAACAACATCGGCGTCGCGCAGATCGTCGCC 


5713 


Zea mays 


GCCGCGTGGTCCGACTGCCCCGCCGCTCGCCC 




Ser45Asn 
AGC-AAC 


AN A AN AN AN AN AN AN AN AN A ^^*V* AN ^N A ^N ^N A ^N ^N ^N ^N ^N A ^N A AN 

GGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGGCGACGATC 
TGCGCGACGCCGATGTTGTTGCAGTTGCGGCGTGCCnGGTGCT 
AAGCTGGCGGACAAAGTTTGGCGGAAAGCGGAGGA 


5714 




CAACTGCAACAACATCG 


5715 




CGATGHGITGCAGnG 


5716 


Met Overproduction 
CGS 


TTTCCGCCAAACITTGTCCGCCAGCnAGCACCAAGGCACGCCGC 
AACTGCAGCAACATCAGCGTCGCGCAGATCGTCGCCGCCGCGTG 


5717 


Zea mays 


GTCCGACTGCCCCGCCGCTCGCCCCCACnAG 




Gly48Ser 
GGC-AGC 


CTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCGG. 
CGACGATCTGCGCGACGCTGATGnGCTGCAGnGCGGCGTGCC 
TTGGTGCTAAGCTGGCGGACAAAGTTTGGCGGAAA 


5718 




GCAACATCAGCGTCGCG 


5719 
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CGCGACGCTGATGnGC 




ivici uverpruuuuuon 
CGS 

Zea mays 
Gly48Asp 
GGC-GAC 


TTCCGCCAAACTrrGTCCGCCAGCnAGCACCAAGGCACGCCGC 

AACTGCAGCAACATCGACGTCGCGCAGATCGTCGCCGCCGCGTG 

GTCCGACTGCCCCGCCGCTCGCCCCCACHAGG 




CCTAAGTGGGGGCGAGCGGCGGGGCAGTCGGACCACGCGGCG 
GCGACGATCTGCGCGACGICGATGnGCTGCAGTTGCGGCGTGC 


C700 
Of 


CAACATCGACGTCGCGC 




GCGCGACGTCGATGHG 


5724 


Mpt Overnroduction 
TS 

Arabidopsis theJiana 

Leu205Arg 

CTT-CGT 


GTATGAATGaTCTGTGGGTGAAACACTGTGGGATTAGTCATACAG 
GAAGTTTCAAGGATCGTGGAATGACTGI 1 1 1 GGTTAGTCAAGTTAA 
TCGTCTGAGAAAGATGAAACGACCTGTGGT 


5725 


accacaggtcgtttcatcnrctcagacgattaacngactaacca 
aaacagtcattccacgatccttgaaacttcctgtatgactaatccc 

ArARTfiTTTPArrrArARATCATTnATAC 




CAAGGATCGTGGAATGA 




TCATTCCACGATCCnG 


'572ft 


TS 

Solanum tubemsum 

Leu198Arg 

Cn-CGT 


GCATGACTGATTTGTGGGTCAAACACTGTGGGAnAGCCATACTG 

GTAGnTTAAGGATCGTGGGATGACTGTnTGGTGAGTCAAGTTAA 

TCGCnGCGGAAAATGCATAAACCGGTTGT 


5725 


ACAACCGGTrTATGCATTTTCCGCAAGCGAnAACTTGACTCACCA 
AAACAGTCATCCCACGATCCTTAAAACTACCAGTATGGCTAATCCC 
ArAf^TfiTTTRArrrAnAAATnAGTfiATRC 




TAAGGATCGTGGGATGA 




TCATCCCACGATCCHA 




DHPS 

Zea mays 

Ser157Asn 

AGC-AAC 


TCAnGGGCACACAGTGAACTGCTITGGCTCTAGAATCAAAGTGA 
TAGGCAACACAGGAAACAACTCAACCAGAGAAGCCGTCCACGCA 

ACAGAACAGGGATTTGCTGTTGGCATGCATGC 


5733 


GCATGCATGCCAACAGCAAATCCCTGnCTGTTGCGTGGACGGCT 

TCTCTGGnGAGTTGTTTCCTGTGnGCCTATCACTTTGAnCTAG 

AGCCAAAGCAGHCACTGTGTGCCCAATGA 


5734 


CACAGGAAACAACTCAA 


5735 

wr WW 


TTGAGTTGTTTCCTGTG 


5736 


Lys Overproduction 

DHPS 

Zea mays 

Ala166Val 

GCA-GAA 


GCTCTAGAATCAAAGTGATAGGCAACACAGGAAGCAACTCAACCA 
GAGAAGCCGTCCACGAAACAGAACAGGGATTTGCTGnGGCATG 
CATGCGGCTCTCCACATCAATCCTTACTACGG 


5737 


CCGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGC 

AAATCCCTGTTCTGTTTCGTGGACGGCTTCTCTGGTTGAGTTGCn 

CCTGTGnGCCTATCACrrTGATTCTAGAGC 


5738 
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'SEQID 

:; Uo: ' 




CGTCCACGAAACAGAAC 


5739 


GnCTGTTTCGTGGACG 


5740 


Lys Oveiproduction 

DHPS 

Zea mays 

A!a166Tlir 

GCA-ACA 


GGCTCTAGAATCAAAGTGATAGGCAACaCAGGAAGCAACTCAACC 

AGAGAAGCCGTCCACACAACAGAACAGGGATTTGCTGTTGGCAT 

GCATGCGGCTCTCCACATCAATCCnACTACG 


5741 


CGTAGTAAGGATTGATGTGGAGAGCCGCATGCATGCCAACAGCAA 

ATCCCTGTTCTGnGIGTGGACGGCnCTCTGGTTGAGTTGCTTC 

CTGTGTTGCCTATCACTTTGATTCTAGAGCC 


5742 


CCGTCCACACAACAGAA 


5743 


TTCTGTTGIGTGGACGG 


5744 


Lys Oveiproduction 
DHPS 

OAyza sativa 

Ser124Asn 

AGT-AAT 


nATTGGGCATACAGTTAACTGCTITGGCACTAAAAnAAAGTGGT 

CGGCAACACAGGAAATAACTCAACAAGGGAGGCTATTCACGCAAC 

TGAGCAGGGATTCGCTGTAGGTATGCACGC 


5745 


GCGTGCATACCTACAGCGAATCCCTGCTCAGTTGCGTGAATAGCC 
TCCCTTGTTGAGTTATTTCCTGTGnGCCGACCACTTTAATnTAGT 
GCCAAAGCAGTTAACTGTATGCCCAATAA 


5746 


CACAGGAAATAACTCAA 


5747 


TTGAGnATTTCCTGTG 


5748 


Lys Overproduction 
DHPS 

Oryza sativa 

Ala133Val 

GCA-GTA 


GCACTAAAATTAAAGTGGTCGGCAACACAGGAAGTAACTCAACAA 
GGGAGGCTATTCACGIAACTGAGCAGGGAnCGCTGTAGGTATG 

CACGCGGCTCTCCACATCAATCCTTACTACGG 


5749 


CCGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGC 
GAATCCCTGCTCAGTTACGTGAATAGCCTCCCnGnGAGnACTT 
CCTGTGTTGCCGACCACTTTAAI 1 1 lAGTGC 


5750 


TATTCACGIAACTGAGC 


5751 


GCTCAGHACGTGAATA 


5752 


Lys Overproduction 
DHPS 

Oryza sativa 

Ala133Thr 

GCA-ACA 


GGCACTAAAAnAAAGTGGTCGGCAACACAGGAAGTAACTCAACA 
AGGGAGGCTAHCACACAACTGAGCAGGGAnCGCTGTAGGTAT 
GCACGCGGCTCTCCACATCAATCCTTACTACG 


5753 


CGTAGTAAGGATTGATGTGGAGAGCCGCGTGCATACCTACAGCG 

AATCCCTGCTCAGnGTGTGAATAGCCTCCCnGnGAGTTACTTC 

CTGTGnGCCGACCACTTTAATTTTAGTGCC 


5754 


CTAnCACACAACTGAG 


5755 


CTCAGTTGIGTGAATAG 


5756 


Lys Overproduction 
DHPS1 

Triticum sesifimjm 


TCATCGGGCATACTGnAACTGCTTTGGAGCCAACATTAAAGTGAT 

AGGCAACACGGGAAATAACTCAACCAGAGAAGCTGnCACGCGA 

CAGAGCAGGGAnTGCTGTTGGCATGCATGC 


5757 



Ser165Asn 
AGT-AAT 
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r^r- ATOP hTc^nn a r*r* a a ATpr^r'T/^PTPT/^TPPor^T/^ a a p a opt 
bOA 1 oUA I oLOAAuAbUAAA 1 UOO 1 1 L» 1 1 Ubv/b 1 bAAUAbLr 1 

TCTCTGGnGAGnATrrCCCGTGnGCCTATCACTTTAATGTTGG 
CTCCAAAGCAGTTAACAGTATGCCCGATGA 


C7CQ 




P APPPr* A A ATA APTP A A 

LrAUoboAAA 1 AAO 1 UAA 


C7CQ 




TT/^ A OTT A TTTPP PPTP 

TTbAbTTAT 1 1 OOUb 1 b 




Lys uverprouucuon 
DHPSi 

Mcum aesSvum 


P a r^PP A A P ATT A A A AT A f^f^P A A P A Pr2r2r^ A A r^T A A PTP A A PP A 
bAoOOMAUM 1 1 MAMo 1 bA I AbbwAAoAv-rbbbAAb i AAu 1 bAAOUA 

GAGAAGCTGTTCACGTGACAGAGCAGGGATTTGCTGnGGCATG 

CATGCAGCTCTTCATGTCAATCCTTACTACGG 


Or 0 1 


Alal74val 
GCG-GTG 


CCGTAGTAAGGATTGACATGAAGAGOTGCATGCATfaoC/AACAGoA 

AATCCCTGCTCTGTCACGTGAACAGCTTCTCTGGTTGAGTTACn 

CCCGTGTTGCCTATCACTTTAATGTTGGCTC 


07d2 




TGTTCACbTGACAGAGC 


0/bo 




bCTCTGTCACbTbAACA 


0/04 


Lys uverproduction 
DHPS1 

Triticum aesth/um 


PPAPPPA APATTA A APTOATAr^r^PA APAP/^C^AAnTAAPTPAAPP 
bbAbbOAALrA 1 1 AAAb 1 bA I AbbV^AAbAUbbbAAb 1 AAL» 1 UAALrb 

AGAGAAGCTGTTCACACGACAGAGCAGGGATTTGCTGTTGGCAT 
GCATGCAGCTCnCATGTCAATCCnACTACG 


Or 00 


Ala174Thr 
GCG-ACG 


CGTAGTAAGGATTGACATGAAGAGCTGCATGCATbCOAACAGCAA 

ATCCCTGCTCTGTCGTGTGAACAGCnCTCTGGTTGAGTTACTTC 

CCGTGnGCCTATCACTTTAATGTTGGCTCC 


o7t)0 




CTGTTCACACGACAGAG 


0/0/ 




CTCTGTCGTGTGAACAG 


C7CQ 

O/Oo 


Lys Overproduction 
DHPS2 

Mcum aestivum 


TP ATPPPPP A P A PTPTTA A PTPPTTTPP A APT A A P ATT A A A PTP AT 

TUAl UbbbLAOAU 1 b 1 1 AAU 1 bb I 1 1 bbAAu 1 AAOA 1 1 AAAb 1 bA 1 

AGGCAACACGGGAAATAACTCAACTAGAGAAGCGATTCACGCTTC 
AGAGCAGGGATrTGCTGTTGGCATGCATGC 


o/oy 


beri o4Asn 
AGT-AAT 


AX/^/^ AX/^/^/^A A/^ A/^/^ A A AX^/^r^X*^/^X^X^ A AO^rf^X^A AXr*/^/^X 

GCATGOATGOt/AAOAGoAAA 1 01/0 1 GO 1 0 1 GAAoOG 1 GAA 1 UGL» 1 

TCTCTAGnGAGTTAnrCCCGTGTTGCCTATCACnTAATGnAGT 

TCCAAAGCAGnAACAGTGTGCCCGATGA 


C77n 
0/ /U 




A r^r^t^r^ A a axa aptp a a 

CACGGGAAATAACTGAA 


C771 
Of / 1 




T — rr\ A /->"T— r A T I 1 /^OPPTP 

TTGAGTTAi 1 1 CCCGTG 


C770 


Lys Overproduction 
DHPS2 

Triticum aestivum 


GAAo 1 AAOA 1 1 AAAG 1 GA 1 AGoL»/\AoAUooGAAu 1 AAL. 1 UAAO 1 A 

GAGAAGCGAnCACGTTTCAGAGCAGGGATnGCTGTTGGCATGC 
ATGCAGCTCTCCATGTCAATCCnACTATGG 


Of fo 


Ala163Val 
GCT-GTT 


CCATAGTAAGGATTGACATGGAGAGCTGCATGCATGCCAACA6CA 
AATCCCTGCTCTGAAACGTGAATCGCTrCTCTAGnGAGTTACTrC 
CCGTGnGCCTATCACTTTAATGnAGnC 


5774 




GATTCACGirrCAGAGC 


5775 




GCTCTGAAACGTGAATC 


5776 
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Lys uverproauciion 
DHPS2 

inticufn dBSuvuin 


OP A A PT A A P ATT A A A riT/^ AT A f^^r* A A P A P/^/^r^ A A r^T A A PTP A A 
ooAALf 1 AMuA I \ AAAo I VjA I AooOAAuALrOOVjAAci I AAU 1 OAAU 1 

AGAGAAGCGATTCACACnCAGAGCAGGGATTTGCTGnGGCATG 

A T/^P A P PTPTPP A TOTP A A Tr* PTT A r*T ATr* 

LA 1 buAbo 1 0 1 OuA 1 b 1 UAA 1 bU 1 1 Ab 1 A l b 


C777 


AiaiDoinr 


OATA/^TA A/^O ATTOA^ATOOA/^ A/^/^T/^/^ATO/^ AT/^^OA A/^A/^^A A 

CATAbTAAGGATTGACATbbAbAGCTGCATGCATGCCAACAGCAA 

ATO/^/^TOOT/^T/^ A A /^T/^TO A ATr^O/^TT^T/^T A OTTO A r^TT A /^TT/^/^ 

ATbbb 1 bb lb 1 bAAblb IbAA Fbbb Mb 1 b 1 Ab ITbAbTTACTTCb 
CGTGTTGCCTATCACTTTAATGTTAGnCC 


5778 




CGATTCACACTTCAGAG 


5779 




CTCTGAAGTGTGAATCG 


5780 


Lys Overproduction 
DHPS 


r*TO ATT/^O/^O ATA /^T/^T/^ A A OTOOTTTOOOT/^T A A A TT AAA OtO A 

bTbATTbbbbATAbTbTbAAblbbTTTbbbTbiAbAATTAAAGTGA 
TAGGCAACACAGGAAATAACTCAACCAGAGAAGCTGTTCACGCAA 


5781 


Coix lacrymaiobi 


CAGAGCAGGGATTTGCTGTTGGCATGCATG 




ben o4Asn 


CATGCATGCCAACAGCAAATCCCTGCTCTGTTGCGTGAACAGCTT 


5782 


A/^T A AT 

Ab r-AA 1 


CTCTGGTrGAGTTATrrCCTGTGTTGCCTATCACTTTAATTCT 
GCCAAAGCAGTTCACAGTATGCCCAATGAG 






^ A ^ A A A • T A A A A 

CACAG6AAATAACTCAA 


5783 




TTGAGTTAITTCCTGTG 


5784 


Lys Overproduction 
DHPS 


OOTOTAO A ATT A A AOTO ATAOOOA AO AO AOO A A OTA A OTO A A OO A 

GCTCTAGAATTAAAGTGATAGGCAACACAGGAAGTAACTCAACCA 
GAGAAGCTGTTCACGTAACAGAGCAGGGATTTGCTGTTGGCATGC 


5785 


Coixlacrymaiobi 


ATGCAGCTCTCCACATCAATCCTTACTATGG 




AlalboVal 


/N/^ A T A ^NT A A /^/> A ' 1 1 ' /*N A T^T/^<^ A A /N/^T/N/^ A T/^/^ A "TT/^/^/N A A ^\ A ^N/N A 

CCATAGTAAGGATTGATGT6GAGAGCTGCATGCATGCCAACAGCA 


5786 


bOA-b lA 


A A ~r /^/^/^T/^/^T/NT/^ I I' A /N/^T/^ A A /N A /> 1 f '/AT/^T/>/>' 1 'I'/N A /"NT ^ A t /\ 

AATCCCTGCTCTGTTACGTGAACAGCnCTCTGGTTGAGTTAGTTC 
CTGIGnGCCTATCACTTTAAnCTAGAGC 






T#'» 1 1 ^ A A A ^ A ^ A 

TGTTCACGIAACAGAGC 


5787 




GCTCTGTTACGTGAACA 


5788 


Lys Overproduction 
DHPS 

Coix lacryma-jobi 


OOOTOTAOA ATT A A A OTO ATA OOO A AO AO AOO A A OTA A OTO A AOO 

GGCTOTAGAATTAAAGTGATAGGCAACACAGGAAGTAACTCAACC 

AGAGAAGCTGTTCACACAACAGAGCAGGGATTTGCTGTTGGCATG 

CATGCAGCTCTCCACATCAATCCnACTATG 


5789 


Aiaiboinr 


/NATA^NTA A A TT^N AT^NT^>^ A A ^%/NT<N^ AT^/% A T^N/^^ A A A ^>/^ A A 

CATAGTAAGGATTGATGTGGAGAGCTGCATGCATGCCAACAGCAA 


5790 


GCA-ACA 


ATCCCTGCTCTGTTGTGTGAACAGCTTCTCTGGnGAGnACnCC 
TGTGTTGCCTATCACTTTAATTCTAGAGCC 






CTGTTCACAGAACAGAG 


5791 




OTOTOTTOTOTO A AO AO 

CTCTGTTGTGTGAACAG 


5792 


Lys Overproduction 
DHPS 

Nicotiana tabacum 


TCATTGGTCACACAGTCAAT7GI 1 1 1 GGAGGGTCCATCAAAGTCAT 

CGGGAACACTGGAAACAACTCCACAAGGGAAGCAATCCATGCAA 

CTGAACAGGGATTTGCTGTAGGTATGCATGC 


5793 


Ser136Asn 
AGC-AAC 


GCATGCATACCTACAGCAAATCCCTGnCAGTTGCATGGATrGCn 

CCCTTGTGGAGTTGTTTCCAGTGTTGCCGATGACTTTGATGGACC 

CTCCAAAACAATTGACTGTGTGACCAATGA 


5794 




CACTGGAAACAACTCCA 


5795 
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Lys uvci proQUuuon 
DHPS 

Nicotiana tabacum 


GGGAAGCAATCCATGTMCTGAACAGGGATTTGCTGTAGGTATGC 
ATGCAGCTCTTCACATTAATCCCTACTATGG 


^7Q7 


AlalAWal 

Aia l40Vai 

GCA-GTA 


Pr^ATAr'TA^rti/^ATTAATCT^^AA^Ar^PTf^PAT/^PATAPPTAPAfSr'A 
UOA I AVj 1 AouoA 1 1 AA I o 1 0AA0AV3U 1 oUA 1 oVm»A I AUO 1 AUAVjOA 

AATCCCTGnCAGnACATGGATTGCTTCCCTTGTGGAGTTGCTTC 
CAGTGnCCCGATGACTTTGATGGACCCTC 


0/ yo 




A AXr^r^ATOTA A/^Tr^A Ar* 

AAI UUAI bTAAO 1 bAAU 


o/yy 




01~rr* A OTX A A TA^^ A TT 

GTTOAoTTAt/ArbbAI 1 


OoUU 


Lys uverproauciion 
DHPS 

Nicotiana tabaaim 


finAnr^CTppATPAAAf^TPATrr^r^f^AApArTr^r^AAf^rAArTrpAr 

OOAOOO 1 wv/A 1 OAAAO I OA 1 L»0\3VJAAL»A\/ 1 VJVjAAv3wAAO 1 \u\jr\\^ 

AAGGGAAGCAATCCATACAACTGAACAGGGATTTGCTGTAGGTAT 
GCATGCAGCTCTTCACATTAATCCCTACTATG 


00\J 1 


Aiai4oi nr 
GCA-ACA 


C/AT Ab rAuCao A 1 1 AA 1 b 1 o AAuAoU 1 oLA 1 oOA 1 AuL» 1 AO AoO AA 

ATCCCTGTTCAGTTGTATGGAnGCnCCCTTGTGGAGTTGCnCC 

AGTGnCCCGATGACTTTGATGGACCCTCC 


ooUz 




A ATr*/^ ATA ^A A /^T/^ A A 

CAATCCATACAACTGAA 


ooUo 




TTCAGTToTATtjoATTb 


OoU4 


Lys uverproQucuon 
DHPS 

Arabidopsis thaliana 


TTATAPPPP ATAPPPTTA AP^/^TTTTriOP/^^A AOP ATPA A A/^TP AT 
MAI AVjoOuA I AuU\J i 1 AAO 1 o 1 1 1 1 UUUuuAAuOA I OAAAu 1 OA 1 

TGGAAACACTGGAAACAAnCGACTAGAGAAGCAATCCACGCGAC 

TGAACAAGGAnCGCGGnGGAATGCATGC 


OOUO 


ben 4zAsn 
AGC-MC 


bUA 1 bC A 1 1 OLAALObUbAA 1 UO 1 1 b 1 1 LAb 1 UbOb 1 bbA 1 1 bU 1 

TCTCTAGTCGAATTGTTTCCAGTGTTTCCAATGACTTTGATGCnC 
CGCCAAAACAGnAACGGTATGGCCTATAA 


OoUO 




A PTPP A A A P A ATTPP A 

UAO 1 bvjAAAUAA 1 1 UoA 


OoU/ 




I UbAA 1 1 bT M bOAb 1 b 


ooUo 


Lys uverprouucuon 
DHPS 

Arabidopsis thaliana 


riPnri A A r^P ATP A A A riTP ATT/^/^ A A A P A PTHSr^ A A r^P A ATTPn APT A 
OUUoAAooA 1 UAAAo 1 UA 1 1 OoMAAOAO 1 OOAAoUAA 1 1 \j\Dn\j I A 

GAGAAGCAATCCACGTGACTGAACAAGGATTCGCGGnGGAATGC 
ATGCTGCTCTTCATATAAACCCTTACTATGG 


00U9 


Aiaioi vai 
GCG-GTG 


r>r>ATA^TA A^rT'TTT ATAXIA APA/^^A^PAT/^^^ATTPr'A A^'P^^'r' 

OOA 1 Ab 1 AAbbb 1 1 1 A 1 A 1 bAAbAbOAbOA 1 bUA 1 1 L/t/AAOUbL.b 

AATCCTTGTTGAGTCACGTGGATTGCnCTCTAGTGGAAnGCnC 
CAGTGTTTCCAATGACTrTGATGCnCCGC 


Do lU 




A ATPP A Pf^ TO A PT^^ A A P 
AA 1 ULrAOoXbAU 1 oAAu 


00 1 1 




GTTCAGTCACGTGGATT 


5812 


Lys Overproduction 
DHPS 

Arabidopsis Vialiana 


GGCGGAAGCATCAAAGTCAnGGAAACACTGGAAGCAATTCGACT 
AGAGAAGCAATCCACACGACTGAACAAGGATTCGGGGnGGAATG 
CATGCTGCTCnCATATAAACCCnACTATG 


5813 


Ala151Thr 
GCG-ACG 


CATAGTAAGGGirrATATGAAGAGCAGCATGCAnCCAACCGCGA 
ATCCTTGnCAGTCGTGTGGAnGCTTCTGTAGTCGAATTGCTTCC 
AGTGTrTCCAATGACTTTGATGCTTCCGCC 


5814 
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CAATCCACACGACTGAA 


5815 


TTCAGTCGIGTGGATTG 


5816 


1 n\/pmrnrl[intinn 

l_yO \y Vwl MI\/UU\/I]V^I 1 

DHPS 

Glycine max 

Ser103Asn 

A6C-AAC 


ttAlTGCTCATACAGTCAACIGI 1 1 IGGTGGGAAAATTAAGGTTATT 
GGAAATACTGGAAACAACTCCACCAGGGAAGCAATTCATGCCACT 
GAGCAGGGirrTGCTGnGGAATGCATGC 


5817 


GCATGCATTCCAACAGCAAAACCCTGCTCAGTGGCATGAATTGCT 
TCCCTGGTGGAGnGirrCCAGTATrTCCAATAACCTTAATTTTCC 

P APP A A A AP AriTT^^APT^^TATfJAr^PAATAA 


5818 


TACTGGAAACAACTCCA 


5819 


TGGAGTTGTTTCCAGTA 


5820 


Lyb VJvcI|JIUUUUUUIl 

DHPS 

Glycine max 

Ala112Val 

GCC-GTC 


GTGGGAAAATTAAGGnAnGGAAATACTGGAAGCAACTCCACCA 
GGGAAGCAATTCATGTCACTGAGCAGGGI 1 1 1 GCTGTTGGAATGC 
ATGCTGCCCTTCACATAAACCCTTACTATGG 


5821 


CCATAGTAAGGGTTTATGTGAAGGGCAGCATGCATTCCAACAGCA 
AAACCCTGCTCAGTGACATGAAnGCTTCCCTGGTGGAGnGCTT 

PPAPTA 1 1 1 PPA ATA APPTTA ATTTTPPPAP 
OOAvjIAI 1 IL/UAAIAAUol lAAl 1 1 IUL»UAO 


5822 


AATTCATGICACTGAGC 


5823 


GCTCAGTGACATGAATT 


5824 


Lyb vjvci[JiuuuwuuM 

DHPS 

Glycine max 

Ala112Thr 

GCC-ACC 


GGTGG<3AAAAnAAGGnAnGGAAATACTGGAAGCAACTCCACC 
AGGGAAGCAAnCATACCACTGAGCAGGGTTTTGCTGTTGGAATG 
CATGCTGCCCTTCACATAAACCCTTACTATG 


5825 


CATAGTAAGGGTTTATGTGAAGGGCAGCATGCAnCCAACAGCAA 
AACCCTGCTCAGTGGIATGAATTGCnCCCTGGTGGAGnGCTTC 

PA^TATTTPP A ATA APPTTA ATTTTPPPAPP 
OAV3 IAIN ULrAA 1 AALrU 1 i AA 1 1 i 1 LrULrAOu 


5826 


CAAHCATACCACTGAG 


'5827 


CTCAGTGGIATGAATTG 


5828 


Trn 0\/ArnpAHiipflrtn 
1 ijj V,/VclpiUUUOUUil 

AS 

Arabidopsis thaliana 
GAC-AAC 


CTTGCAGGAGACATATTTCAGATCGTGCTGAGICAACGI 1 1 IGAG 
CGGCGAACATTTGCAAACCCCTTTGAAGTTTATAGAGCACTAAGA 

GTTGTGAATCCAAGTCCGTATATGGGTTATT 


5829 


AATAACCCATATACGGACnGGATTCACAACTCTTAGTGCTCTATA 
AACnCAAAGGGGTTTGCAAATGTTCGCCGCTCAAAACGnGACT 
CAGCACGATCTGAAATATGTCTCCTGCAAG 


5830 


CAnTGCAAACCCCTTT 


5831 


AAAGGGGTTTGCAAATG 


5832 


Trp Oveiprbduction 
AS 

Nirntianatfihartiim 


GCTGCAGGAGACATATTTCAAAICGI 1 1 lAAGTCAACGCI 1 IGAGA 
GAAGAACAnTGCTAACCCATTTGAAGTGTACAGAGCAnAAGAAT 
TGTGAATCCAAGCCCATATATGACnACA 


5833 



Asp326Asn 
25 GAC-AAC 
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TGTAAbTCATATA 1 obbOl lobAl lOAOAAl lUI 1 AAlbUIUlvjIA 
CACTTCAAATGGGTIAGCAAATGnCTTCTCTCAAAGCGTTGACTT 
AAAACGAnTGAAATATGTCTCCTGCAGC 


OOOH 




CAl 1 IGCTAACCCATTT 


0000 




AAATGGGTTAGCAAATG 


oooo 


Trp Overproduction 
AS 

Ofyzasaf/Va 


CTAGCTGGiyAUAl 1 1 1 1 UAAuTAGTCTTAAGCCAGCG 1 ITTGAGA 
GGCGTACATnGCTAACCCCTTTGAGGTGTACCGTGCATTGCGTA 
nGTCAATCCTAGTCCnATATGGCCTATC 


5837 


Asp323Asn 
GAC-AAC 


r\ AT A AT* AT A A A /^T A /^/^ ATT/^ A A ATA^/^/^A hTf^C^KC^f^r^T 

GATAGGCCATATAAGGACTAGGATTGACAATACGCAATbuAl/obI 

ACACCTCAAAGGGGTTAGCAAATGTACGCCTCTCAAAACGCTGGC 

TTAAGACTACTTGAAAAATGTCACCAGCTAG 


0000 




CATTTGCTAACCCCTTT 


000^ 




A A A /^/^/^/*> 1 'I'A/^/^A A AT/^ 

AAAGGGGTTAGCAAATG 


OOW 


Trp Overproduction 
AS 

Rutaqraveolens 


CTTGCTGGTGACATATTCCAGATCGTACTAAGTCAGCGTTTTGAAA 
GGCGAACGnCGCAAACCCATTTGAAATCTATAGATCACTGAGGA 
TTGTTAATCCAAGCCCATATATGACnAlT 


5841 


Asp354Asn 
GAC'AAC 


A A A A A T AT AT/^y^/^r\TT/^/^ A TT A A A AT^/^TO A f^T/^ AT/^T AX A 

AATAAGTCATATATG6GCTTGGATTAACAATCCTCAGTGATCTATA 

GATTTCAAATGGGnTGGGAACGTTCGCCTTTCAAAACGCTGACTT 

AGTACGATCTGGAATATGTCACCAGCAAG 


oo4^ 




CGTTCGCAAACCCATTT 


Oo4o 




AAATGGGTTTGCGAACG 


0o44 


Trp Overproduction 
AS 

Catharanthus roseus 


0/ 1 boo 1 (jb(juAL«A 1 A 1 1 OOAbO 1 1 o 1 L>0 1 AAo 1 L>Auuo 1 1 1 1 oMM 

CGGCGAACAlTTGCAAATCCAnTGAAGTCTACCGAGCAnGAGA 
ATTGTCAACCCAAGTCCATATATGACTTATT 




Asp354Asn 
GAT-AAT 


AATAAGTCATATATGGACTTGGGnGACAATTCTCAATGCTCGGTA 
GACTrCAAATGGATTTGCAAATGnCGCCGTTCAAAACGCTGACTT 
AGGACAAGCTGGAATATGTGCCCAGCCAG 


. 5846 




CATTTGCAAATCCATTT 


5847 




AAAIGGATTGCAAATG 


5848 
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Example 10 
Production of modified starch in plants 

A principal aim of biotechnology is the improvement of crop plants for food value, 
agriculture, and to produce a range of plant-derived raw materials. Along with oils, fats and proteins, 
polysaccharides constitute the main raw materials derived from plants, and apart from cellulose, the storage 
polymer starch is the most important polysaccharide raw material. Starch is derived from a range of plants, 
but maize is the most important cultivated plant for the production of starch. 

The polysaccharide starch is a polymer made up of glucose molecules. However, starch is 
not a homogeneous raw material and is, in fact, a highly complex mixture of various types of molecules 
which differ from each other, for example, in their degree of polymerization and in the degree of branching of 
the glucose chains. For example, amytose-starch is a basically non-branched polymer made up of 
a-1,4-g)ycosidically branched glucose molecules, and amylopectin-starch is a complex mixture of variously 
branched glucose chains. The branching results from additional a-1,6-glycosidic linkages. In plants from 
which starch is typically isolated, for example maize or potato, the starch is approximately 25% 
amylose-starch and 75% amylopectin-starch. 

In maize, various mutants in starch metabolism are known, for example waxv, sugary, 
shrunken and opaque-2. In addition to producing a modified starch, these mutations greafly improve grain 
quality in maize, and thus expand the use of maize not only as the fr)od but also for the important industrial 
materials in food chemistry. It would therefore be advantageous to be able readily to obtain mutants in these 
genes in particular maize genotypes as well as other plants. Such plants can be obtained, for example, 
using traditional breeding methods and through specific genetic modification by means of recombinant DNA 
techniques. 

The attached tables disclose exemplary oligonucleotide base sequences which can be 
used to generate site-specific mutations in genes involved in starch metabolism. 
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Table 20 

Genome-Altering Oliqos Conferring Increased Starch 



c 
0 




.•; ? ' 5 '.../f ^..."..y.i ' 


mm 

.'.r' .. 




Increased Starch 


GAACnGAGACTGAGAAAAGGGATCCMGGACAGTTGCnCCATT 


5849 




ADPGPP 


ATTCnGGAGGTGGAAAAGGAACTCGACTCTTTCCTCTCACAAAA 






Arabidopsis thaliana 


CGCCGCGCCAAGCCTGCCGnCCTATCGGGG 




i(\ 
JU 


Ala99Lys 

r*r^A AAA 


CCCCGATAGGAACGGCAGGCTTGGCGCGGCGTTTTGTGAGAGGA 

A A O A OTf^r^ A r^TTPPTTTTr^O A PPTP/^ A AO A ATA ATf^r^ A A/^P A A PT 

AAbAb 1 LbAb 1 1 I ]_£ 1 ULALO 1 UuAAbAA I AA 1 ooAAoUAAO 1 


5850 






GAGGTGGAAAAGGAACT 


5851 






AGTTCC 1 1 1 1 CCAGCTC 


000^ 




Increased Starch 
ADPGPP 


CAAAACGCCGCGCCAAGCCTGCCGnCCTATCGGGGGAGCCTAT 
AGGTfGATAGATGTACTAATGAGCAATTGTAnAACAGCGGAATCA 


5853 




Arabidopsis thaliana 


ACAAAGTCTACATACTCACACAATATAACTC 




15 


Pro127Leu 


GAGTTATAnGTGTGAGTATGTAGACTTTGnGAnCCGCTGTTAA 

XA/^A ATX/^OXr* ATXA/^TAr^ATPTATr^A A /^/^T AX A /^/^/^X/^r*r*r*00 AT 

TACAATTGCTCATTAGTACATCTATO AACOTAl AfabOTULOuLruA T 
AGGAACGGCAGGCTTGGCGCGGCGTTTTG 


5854 






AGATGTACTAATGAGCA 


5855 






TGGTCATTAGTACATCT 


5856 




Increased Starch 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 


5857 




ADPGPP 


TTACAACTCCAATAATCnGGCTTTGGAGATGGCTATGTTGAGGTT 






Arabidopsis tlialiana 


CTTGCGGCCACTCAAACGCCAGGAGAATC 




on 


Gly162Asn 

(2flh AAT 
VjoA-AA I 


GATTCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 

Tr^TOf^A A ArTT'A A/** ATTATTrT'A^TT/^TA A^T* A/^^^/^ft/^TA A AT^^<^ 

CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5858 






CTCCAATAAICTTGGCT 


5859 






AGCCAAGATTAnGGAG 


5860 




Increased Starch 


TCACACAATATAACTCAGCATCATTGAACAGGCATTTAGCCCGTGC 


5861 




ADPGPP 

Arabidopsis tlialiana 


TTACAACTCCAATAACCTTGGCTTTGGAGATGGCTATGnGAGGTT 
CTTGCGGCCACTCAAACGCCAGGAGAATC 




25 


Gly162Asn 
GGA-AAC 


GAnCTCCTGGCGTTTGAGTGGCCGCAAGAACCTCAACATAGCCA 
TCTCCAAAGCCAAGGTTAnGGAGTTGTAAGGACGGGCTAAATGC 
CTGTTCAATGATGCTGAGTTATATTGTGTGA 


5862 






CTCCAATAACCTTGGCT 


5863 






AGCCAAGGnATTGGAG 


5864 
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mcreaseu otarcn 


pTTTr^ Ar» A/^ A Ar* A A Ar^r*TAP APr^pr^r^ A A a AT/^Tor^oxr^r^ a atp at 


OODO 




ADPGPP 


T/^T A A A/^/>/^ AAA /^/^ A PPT A A A PTPTTPPPTPXT A P A ATP A P 

1 0 1 AbbAboAGbtrAAAbGAbL 1 AAAu 1 U 1 1 UOL lull AUAA 1 bAb 






Arabidopsis thaliana 


A/^PP/^PA AOAO/^APPT/^TA A ATATTPATPTT 

AGCCGGAACACCAGCTGTAAATATTOATLTT 






AsnlOOLys 


AAGATGAATATTTACAGCTGGTGTTGCGGCTCTCATTGTAAGAGG 


5866 


0 


A AT AAA 

AAT-AAA 


A A A /*\TTT A OOTO/^T' 1 1 /^/^/^T/^/^T^/^T A P A AT/^ ATT/^O A A 

GAAGAGTTTAGCTCC 1 1 1 GCCTCCTCCTAGAATGATTGCAGCCAC 
ATTTTGCGGGTCTACCnTCTTCTCTCAAAC 








A /^^^N AAA ^\^\ A ^^/^T* A A 

GGAGGCAAAGGAGCTAA 


5867 






TTAGCTCCTTTGCCTCC 


5868 




Increased Starch 


CTTGTGTCTTCAAATTATGnAGGTTCCTGnGGTGGATGCTACAG 


5869 




ADPGPP 


GCTGATCGATATCCTGATGAGTAACTGTAmAACAGCTGCATCAAC 






Arabidopsis thaliana 


A A ^ ATA'l"f" 1'^' l'^/%nr^ A A A 1 " 1'/^ A A rtT^ 

AAGATATTTGTGCTGACACAGTTCAACTC 






Pro128Leu 


GAGTTGAACTGTGTCAGCACAAATATCTTGTTGATGCAGCTGTTAA 


5870 


10 


CCG-CTG 


T" A ^> A O 1 1 ' A OTO A A /^/^ A T A "f"0^\ A TO A OOOT/^T A /%0 A "fOO A OO A A 

TACAGTTACTCATCAGGATATCGATCA6CCTGTAGCATCCACCAA 
CAGGAACCTAACATAATTTGAAGACACAAG 








CGATATCCIGATGAGTA 


5871 






TACTCATCAGGATATCG 


5872 




Increased Starch 


T/^ A A O A OTT/^ A A OX/^ A OOTTOOO'I 1' A ATO/^ A O A 1 1 I A OO A /^/^ A A O 

TGACACAGTTCAACTCAGCTTCCCTTAATCGACA 1 1 lAGCACGAAC 


5873 




ADPGPP 


1 1 A 'T" I' TT'O^N^X A A T A A Y AT AAA O 1 1 1 A 0,^>n"^\^>' 1' 1 I '0^> 1 A A /^"T" A 

TTAI 1 1 1 GGGAATAATATAAACTTTGGAGGTGGTTTCGTAGAGGTA 






Arabidopsis Oialiana 


O A A A O A OT A TO A O A A T A A T A A OTOTO A O O 

CAAACACTATGACAATAATAACTCTCAGC 






Gly163Asn 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 


5874 


15 


GGC-AAT 


OTOO A A A ^*'f T I" A T A A TTOOO A A A ATA A ^^TTO^%T^>/^T A A AT^^TO^N 

CTCCAAAGTTTATATTATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGnGAACTGTGTCA 








TO^N^%* ATA A^V^ATA A A OT 

TGGGAATAATATAAACT 


5875 






AGTTTATATTATTCCCA 


5876 




Increased Starch 


XOAOAOAOXTOA A OTO A OOT — TOOOTT A A TOO A O A T — 1 — T A OO A OO A AO 

TGACACAGTTCAACTCAGCTTCCCTTAATCGACA 1 1 lAGCACGAAC 


5877 




ADPGPP 


"n ' A 1 1 1 1 OOO A ATA AOATA A A OTTTOO A O/ V 1 ^>0 1 f ' T O/ » 1 A O A OO'I' A 

TTAI 1 1 1 GGGAATAACATAAACTTTGGAGGT6GTTTCGTAGAGGTA 






Arabidopsis thaliana 


OA A A O A OT A TO AOA ATA ATA A OTOTO A OO 

CAAACACTATGACAATAATAACTCTCAGC 






Gly163Asn 


GCTGAGAGTTATTATTGTCATAGTGTTTGTACCTCTACGAAACCAC 


5878 


20 


GGC-AAC 


OTOO A A A OT I"T' A TOTT A 1 1 OOO A A A ATA AOTTOOTOOTA A ATO'l OO 

CTCCAAAGTTTATGnATTCCCAAAATAAGTTCGTGCTAAATGTCG 
ATTAAGGGAAGCTGAGTTGAACTGTGTCA 








^^^\ A A ■ * A AAA ^H^P 

TGGGAATAACATAAACT 


5879 






ArSTTTATGTTATTnnnA 






Increased Starch 


TTGAGGAACAACCAACGGCAGATCCAAAAGCTGTTGCCTCTGTCA 


5881 




ADPGPP 


TTCTAGGTGGTGGTAAAGGAACTCGTCI 1 1 1 ICCTC7TACAAGCA 






Lycopersicon 


GAAGAGCTAAACCAGCTGnCCTATTGGTGG 






esculentum 


CCACCAATAGGAACAGCTGGTTTAGCTCTTCTGCTTGTAAGAGGA 


5882 


25 


Val94Lys 
GTT-AAA 


AAAAGACGAGnCCTTTACCACCACCTAGAATGACAGAGGCAACA 
GCTTTTGGATCTGCCGTTGGTTGnCCTCAA 








TGGTGGTAAAGGAACTC 


5883 
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GAGnCCmACCACCA 


5884 


Increased Starch 

ADPGPP 

Lycopersicon 


CAAGCAGAAGAGCTAAACCAGCTGTTCCTAnGGTGGnGTTACC 
GGCTAAnGATGTACAAATGAGTAACTGCAnAACAGTGGCATAC 
GGAAAAI 1 1 ICATCTTAACACAGTTCAATTC 


5885 


esculentum 
Pro122Leu 
CCA-CAA 


GAAnGAACTGTGTTAAGATGAAAATmCCGTATGCCACTGnAA 
TGCAGTrACTCATriGTACATCAAnAGCCGGTAAGAACCACCAAT 
AGGAACAGCTGGnTAGCTCnCTGCTTG 


5886 




TGATGTACAAATGAGTA 


5887 




TACTCATTIGTACATCA 


5888 


Increased Starch 

ADPGPP 

Lycopersicon 


CACAGnCAATTCCTnTCCCTCAATCGTCACCTTGCCCGCACGTA 
TAATTTTGGAAATAAIGTGGGI 1 1 1 GGAGATGGATTTGTGGAGGTT 
nAGCTGCAACCCAGACTCCAGGGGATGC 


5889 


esculentum 
Gly158Asn 
GGA-AAT 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAAACCCACAnATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGAnGAGGGAAAAGGAATTGAACTGTG 


5890 




TGGAAATAAIGTGGGTT 


5891 




AACCCACAIIATTTCCA 


5892 


Increased Starch 
ADPGPP 

Lycopersicon 


CACAGnCAAl ICCI 1 1 1 CCC rCAATGGTCACCnGCCCGCAGGTA 
TAATTTTGGAAATAACGTGGGTTTTGGAGATGGATTTGTGGAGGTT 
nAGCTGCAACCCAGACTCCAGGGGATGC 


5893 


esculentum 
Gly158Asn 
GGA-AAC 


GCATCCCCTGGAGTCTGGGTTGCAGCTAAAACCTCCACAAATCCA 
TCTCCAAAACCCACGTTATTTCCAAAATTATACGTGCGGGCAAGGT 
GACGATTGAGGGAAAAGGAATTGAACTGTG 


5894 




TGGAAATAACGTGGGTT 


5895 




AACCCACGTTAnrCCA 


5896 


Increased Starch 
ADPGPP 
Cicer arietinum 


ACGTAGA 1 ITGGAAAAAAGAGACCCAAGTACAGTTGTAGCAATTAT 

ACTAGGTGGAGGTAAAGGAACTCGTCTCTTCCCTCTCACCAAGC 

GACGAGCCAAGCCTGCTGnCCAAnOGAGG 


5897 


Ala101Lys 
GCT-AAA 


CCTCCAATTGGAACAGCAGGCnGGCTCGTCGCTTGGTGAGAGG 
GAAGAGACGAGnCCTTTACCTCCACCTAGTATAATTGCTACAACT 
GTACnGGGTCTCI 1 1 1 1 ICCAAATCTACGT 


5898 




TGGAGGTAAAGGAACTC 


5899 




GAGTTCCTTTACCTCCA 


5900 
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KHO; • 


Increased Starch 
ADPGPP 

Cicer arietinum 


CCAAGCGACGAGCCAAGCCTGCTGTTCCAATTGGAGGTGCnATA 
G6CTGATAGATGTACTAATGAGTAACTGCATCAATAGTGGGATCAA 
CAAAGTATACATTCTCACTCAATTTAAnC 


5901 


Pro 129 Leu 
CCA-CTA 


GAATTAAATTGAGTGAGAATGTATACTTTGTTGATCCCACTATTGAT 
GCAGTTACTCATTAGTACATCTATCAGCCTATAAGCACCTCCAAn 
GGAACAGCAGGCTTGGCTCGTCGCTrGG 


5902 




AGATGTACTAATGAGTA 


5903 




TACTCATTAGTACATCT 


5904 


Increased Starch 
ADPGPP 
Cicer arietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
TAACTCTGGTACTAATGTCACmTGGAGATGGCTATGnGAGGTT 
GTTGCAGCAACTCAAACTCCAGGGGAGCA 


5905 


(3ly165Asn 
GGA-AAT 


TGCTCCCCTGGAGTTTGAGnGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACATTAGTACCAGAGnATAAGCACGTGCAATAT 
GCCTGnGAGTGAGGCTGAATTAAAnGAG 


5906 




TGGTACTAATGTCACn 


5907 




AAGIGACATTAGTACCA 


5908 


Increased Starch 
ADPGPP 
Cicer arietinum 


CTCAATTTAATTCAGCCTCACTCAACAGGCATATTGCACGTGCTTA 
TAACTCTGGTACTAACGTCACI 1 1 1 GGAGATGGCTATGTTGAGGn 
CTTGCAGCAACTCAAACTCCAGGGGAGCA 


5909 


Gly165Asn 
GGA-AAC 


TGCTCCCCTGGAGTTTGAGnGCTGCAAGAACCTCAACATAGCCA 
TCTCCAAAAGTGACGTTAGTACCAGAGTTATAAGCACGTGCAATAT 
GCCTGnGAGTGAGGCTGAATTAAATTGAG 


5910 




TGGTACTAACGTCACTT 


5911 




AAGTGACGIIAGTACCA 


5912 


Increased Starch 
ADPGPP 
Ipomoea batatas 


ATATTGGAGAGGCGTCGGGCAAACCCTAAGAATGTGGCTGCAATC 
ATACTGCCAGGCGGTAAAGGGACACACCTAnCCCTCTCACCAAT 
CGAGCTGCAACCCCTGCTGnCCACnGGAG 


5913 


Ala94Lys 
GCA-AAA 


GTCCAAGTGGAACAGCAGGGGTTGCAGCTCGAnGGTGAGAGGG 
AATAGGTGTGTCCCTTTACCGCCTGGCAGTATGATTGCAGCCACA 
ncnAGGGTrTGCCCGACGGCTCTCCAATAT 


5914 




CAGGCGGTAAAGGGACA 


5915 




TGTCCCTTTACCGCCTG 


5916 


Increased Starch 
ADPGPP 
Ipomoea batatas 


CCAATCGAGCTGCAACCCCTGCTGTTCCACnGGAGGATGCTATA 
GGTTGATCGACATTCTAATGAGCAACTGCATCAACAGCGGGGm 
ACAAGATCTTTGTGCTGACCCAGnCAAnC 




Pro122Leu 
CCA-CTA 


GAATTGAACTGGGTCAGCACAAAGATCnGTTAACCCCGCTGTTG 

ATGCAGnGCTCAnAGAATGTCGATCAACCTATAGCATCCTCCAA 

GTGGAACAGCAGGGGnGGAGCTCGATTGG 


5916 




CGACATTGTAATGAGCA 


5919 
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TGCTCATTAGAATGTC6 


5920 


Innrpa<;pd Starch 
ADPGPP 
Ipomoea batatas 
Gly157Asn 
GGT-AAT 


TGACCCAGTTCAAnCAGCnCTCTTAACCGTCACAnTCCCGTAC 
CGTCTTTGGCAATAAIGTGAGCTTCGGAGATGGATnGTTGAGGT 
GCTGGCTGCAACCCAAACACAAGGGGAAAC 


5921 


GTTTCCCCnGTGnTGGGnGCAGCCAGCACCTCAACAAATCCA 
TCTCCGAAGCTCACATTAtTGCCAAAGACGGTACGGGAMTGTGA 
PftmTAAfiAfiAAftnTRAATTGAACTSGGTCA 


5922 


TGGCAATAATGTGAGCT 


5923 


AGCTCACAHAHGCCA 


5924 


InrrpflQPfl Starr h 

ADPGPP 
Ipomoea batatas 
Gly157Asn 
6GT-AAC 


TGACCCAGnCAAnCAGCTTCTCTTAACCG 1 CACA 1 1 1 CCCG 1 AC 
CGTCTTTGGCAATAACGTGAGCTTCGGAGATGGAnTGTTGAGGT 
GCTGGCTGCAACCCAAACACAAGGGGAAAC 


5925 


GTTTCCCCnGTGTTTGGGTTGCAGCCAGCACCTCAACAAATCCA 
TCTCCGAAGCTCACGTTATTGCCAAAGACGGTACGGGAAATGTGA 

r<^r2TTAAf5Af5AAf5rTRAATTfiAACTftf5RTfIA 


5926 


TGGCAATAACGTGAGCT 


5927 


A6CTCACGTTATTGCCA 


5928 


InrrpaQPfl Starch 
ADPGPP 
Oryza sativa 
Thr96Lys 
ACC-AAA 


CATTCCGGAGGAAC! I IGCGGATCCAAATGAGGTTGCTGCTGTTA 
TATTGGGTGGTGGCAAAGGGACTCAACI 1 1 1 1 CCTCTCACAAGCA 
CAAGGGCCACGCCTGCTGTTCCTATTGGAGG 


5929 


CCTCCAATAGGAACAGCAGGCGTGGCCCHGTGCTTGTGAGAGG 
AAAAAGTTGAGTCCCHTGCCACCACCCAATATAACAGCAGCAAC 
CTCATTTGGATCCGCAAAGTTCCTCCGGAATG 


5930 


TGGTGGCAAAGGGACTC 


5931 


GAGTCCCTTTGCCACCA 


5932 


Increased Starch 
ADPGPP 
Oryza saVva 
Pro1.24Leu 
CCC-CTC 


CAAGCACAAGGGCCACGCCTGCTGTTCCTAnGGAGGATGCTATA 
GGCnATCGATATCCTCATGAGCAACTGTTTCAACAGTGGCATAAA 
CAAGATAnCATAATGACTCAATTCAACTC 


0^00 


GAGnGAATTGAGTCAnATGAATATCTTGnTATGCCACTGnGAA 
ACAGHGCTCATGAGGATATCGATAAGCCTATAGCATCCTCCAATA 
GGAACAGCAGGCGTGGCCCnGTGCTTG 


5934 


CGATATCCTCATGAGCA 


5935 


TGCTCATGAGGATATCG 


5936 


Increased Starch 
ADPGPP 
Oryza sativa 
Gly159Asn 
GGA-AAT 


TGACTCAATTCAACTCAGCATCTCTTAATCGTCACATTCATCGTAC 

GTACCTTGGTGGTAATATCAACTTTACTGATGGTTCTGTTGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5937 


GCCTCCCCAGGCATHGTGTAGCGGCTAATACCTCAACAGAACCA 
TCAGTAAAGHGATAIIACCACCAAGGTACGTACGATGAATGTGAC 
GAHAAGAGATGCTGAGHGAAHGAGTCA 


5938 
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TGGTGGTAATATCAACT 


5939 




AGTTGATATTACCACCA 


5940 


Increased Starch 
ADPGPP 
Oryza sativa 


TGACTCMTTCMCTCAGCATCTCTTMTCGTCACATTCATCGTAC 

GTACCnGGTGGTAACATCAACTITACTGATGGnCTGnGAGGTA 

TTAGCCGCTACACAAATGCCTGGGGAGGC 


5941 


Gly159Asn 
GGA-AAC 


GCCTCCCCAGGCATTTGTGTAGCGGCTAATACCTCAACAGAACCA 

TCAGTAAAGnGATGnACCACCAAGGTACGTACGATGAATGTGA 

CGATTAAGAGATGCTGAGTTGAAnGAGTCA 


5942 




TGGTGGTAACATCAACT 


5943 




AGnGATGITACCACCA 


5944 


Increased Starch 
ADPGPP 
Triticum aestivum 


GTCCTTCAGGAGGATTAAGCGATCCGAACGAGGTTGCGGCCGTC 
ATACTCGGCGGCGGCAAAGGGACTCAGCTCTTCCCACTCACGAG 
CACAAGGGCCACACCTGCTGTTCCTATTGGAGG 


5945 


ThrSOLys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGTGTGGCCCTTGTGCTCGTGAGTGG 
GAAGAGCTGAGTCCCTTTGCCGCCGCCGAGTATGACGGCCGCAA 
CCTCG1TCGGATCGCTTAATCCTCCTGAAGGAC 


5946 




CGGCGGCAAAGGGACTC 


5947 




GAGTCCCTTTGCCGCCG 


5948 


Increased Starch 
ADPGPP 
Triticum aestivum 


CGAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 

GGCTCATCGACATTCTCATGAGCAACTGCTTCAACAGTGGCATCA 

ACAAGATAnCGTCATGACCGAGnCAACTC 


5949 


Pro108Leu 
CCC-CTC 


GAGTTGAACTGGGTCATGACGAATATCnGTTGATGCCACTGTTG 
AAGCAGnGCTCATGAGAATGTCGATGAGCCTGTAACATCCTCCA 
ATAGGAACAGCAGGTGTGGCCCnGTGCTCG 


5950 




CGACATTGICATGAGCA 


5951 




TGCTCATGAGAATGTCG 


5952 


Increased Starch 
ADPGPP 
Triticum aestivum 


"^.^V A ^% A ^^^^^^^^ A A ^^^^^^.^^ ^^^^^^ ^^^^^^ A A ^^^^^X. A A "^^^T" A A 

TGACCCAGTTCAACTCGGCCTCCCTTAATCGTCACATTCACCGCA 
CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCCGnGAGG 

TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


5953 


Gly143Asn 
GGA-AAT 


GCCTCCCCGGGCATTTGCGTCGCGGCCAATACCTCAACGGATCC 
ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGnGAACTGGGTCA 


5954 




CGGCGGGAAIATCAATT 


5955 




AATTGATAnCCCGCCG 


5956 


Increased Starch 
ADPGPP 

Triticum a^i^tivijm 


TGACCCAGnCAACTCGGCCTCCCTTAATCGTCACATTGACCGCA 

CCTACCTCGGCGGGAACATCAAnTCACTGATGGATCCGTTGAGG 

TAnGGCCGCGACGCAAATGCCCGGGGAGGC 


5957 



Gly143Asn 
GGA-AAC 
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ATGAGTGAAAnGATGnCCCGCCGAGGTAGGTGCGGTGAATGTG 
ACGATTAAGGGAGGCCGAGTTGAACTGGGTCA 






C'C^nc^or^c^ a a r* atp a att 






AA 1 1 bA 1 oT iOOUoUUo 




incrsaseQ oiarcn 
ADPGPP 
OrfiB sativa 


TTTTGGGTGGAGGCAAAGGAGTTCAAGTCnTCCTCTGACAAGCA 
CAAGGGCTACCCCCGCTGTTGCTGTTGGAGG 


5961 


ThryoLys 
ACT-AM 


UuTU0AA0AbbAALrAoU(jvjV5V30 1 AoUOO 1 I o 1 1 1 V3 1 oAbAoo 

AAAGAGTTGAACTGCnTGGGTCCACCCAAAATGACAGCAGAAAC 
GTGGCnGCATCAGCATAATTGTTTCGGGAGG 






1 obAbbUAAAbbAvj 1 1 0 


0^00 




GAACTOOTTI bUb 1 bUA 


oyo*f 


Increased Starch 
ADPGPP 
Oryza sativa 


GAAGCACAAGGGCTAGCCCCGCTGTTCCTGTrGGAGGAI G 1 1 AGA 
GGCTTATTGACATCCTTATGAGCAAnGCTTCAATAGCGGAATAAA 

TAAAATATTTGTGATGACTCAGTTCAATTC 


59o5 


rrolzoLeu 
CCT-CTT 


OA ATXrf^ A A/^Tr* A/"*Tr* ATr* A/^A A ATA 1 1 1 1 A 1 1 1 ATTO/^r^PTATT/^A A 

GAAI ILjAAOIbAblOAIOAUAAAIAI 1 1 lAI 1 lAI IULrbL;IAI luAA 

GCAAnGCTGATAAGGATGTGAATAAGCCTGTAACATCCTCCAAGA 
GGAACAGCGG6GGTAGCCCTTGTGCTTG 


oyoo 




TGACATCCTTATGAeCA 






TGCTCATAAGGATbTOA 


oyoo 


increaseo otarcn 
ADPGPP 
Oryza sativa 


TP A PTP A /^TTP A ATTPTriPTTPTPTT A ATP^iPP ATATPP ATP ATAP 
1 bAb 1 uAO 1 1 Lf AM 1 1 U 1 \3\j I 1 U 1 U 1 1 MM 1 wOoUM 1 M 1 OL»M 1 \jr\ \ Mu 

ATACCTTGGTGGGAATATCAACnTACTGATGGGTGTGTGCAGGT 
AnGGCTGCTACACAAATGCCTGACGAACC 




biy looAsn 
GGG-AAT 


/^oTTr>/^Tr'ArT>r>ATTT/^Tr'TAr>r'ArTT'A ATAr*r*Tf2r'APA/^Ar'Pr*A 
GG 1 1 Ot» 1 UAboUA 1 1 1 b 1 b 1 AbwAbUUAA 1 AUO 1 b^Ai^AbAOUuA 

TCAGTAAAGTTGATAnCCCACCAAGGTATGTATGATGGATATGGC 

GAnAAGAGAAGCAGAATTGAACTGAGTCA 


oy/ u 




T/^/"*TOO/^ A ATATr*A AOT 

TbbTbbbAATAI oAAb 1 


oy/.i 




A r^TXr^ ATA TTPPP A PP A 

Ab 1 ! bA 1 A_n UbuAbOA 




increasec oiarcn 
ADPGPP 
Oryza sathm 


TriAPTPAnTTPAATTPTfiPTTPTPTTAAtPftPPATATPrATCATAC 

ATACCnGGTGGGAACATCAACTTTACTGATGGGTCTGTGCAGGT 
ATrGGCTGCTACACAAATGCCTGACGAACC 




Gly158Asn 
GGG-AAC 


GGTTCGTCAGGGATTTGTGTAGCAGGCAATACCTGCACAGACCCA 
TGAGTAAAGTTGATGTTCCGAGCAAGGTATGTATGATGGATATGGG 
GATTAAGAGAAGGAGAATTGAACTGAGTCA 


5974 




TGGTGGGAACATCAACT 


5975 




AGTTGATGnCCGACCA 


5976 
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SEQ 


increascCi oiorcn 
ADPGPP 


ATACTCGGCGGTGGCAAAGGGACTCAGCTCTTCCCTCTCACAAG 


^Q77 


imiCUm d6SuvUm 


P A P A A/^O/^PP A P A PPTOPTriTTPPT ATT/^^ A rf^O 




1 nrssLys 
ACC-AAA 


ULr 1 UUAA 1 AbbAAuAbUAob 1 b 1 obuLU II o 1 bU 1 1 b 1 uAvjAbu 

GAAGAGCTGAGTCCCTTTGCCACCGCCGAGTATGACGGCCGCGA 
CCTCGnCGGATCGGCGTAATTCCTGCGGAAGG 


oy/o 


1 


LrbbTbGCAAAGGGAOTO 






GAGTCCCrrrGCCAGCG 


oaoU 


Increased Starch 
ADPGPP 


CAAGCACAAGGGCCACACCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTCATCGATATTCICATGAGCAACTGCTTCAATAGTGGCATCAA 


5981 


Triticum aesth/um 


P A A O AT ATTr*/^Tr* AXr* A r^r^P A r^TTP A A PTr» 

UAAoAIAI lUblOAIoALrbUAbI ILrAAUlU 




Pro127Leu 
CCC-CTC 


GAGTTGAACTGCGTCATGACGAATATCTTGTTGATGCCACTATTeA 

AGCAGTTGCTCATGAGAATATCGATGAGCCTGTAACATCCTCCAA 

TAGGAACAGCAGGTGTGGCCCTTGTGCTTG 


5982 




^ A T A T T/'VT^ AT/> A A 

CGATATTCTCATGAGCA 


cfkoo 

oyoo 




TGCTCATGAGAATATCG 


6984 


Increased btarcn 
ADPGPP 


Tr* A PPr^ A r^TTP A A PTPPPPPTPTPTT A ATP PTP A P ATTP A P PrSP A 

1 bAUbUAb 1 1 bAAU 1 UbbULr 1 b 1 0 1 1 AA 1 bb 1 bAuA 1 1 OAbbbbA 

CCTACCTCGGCGGGAATATCAATTTCACTGATGGATCTGTTGAGG 


oyoo 


Triticum aestivum 


TATTGGCCGCGACGCAAATGCCCGGGGAGGC 




GlylBzAsn 
GGA-AAT 


GCCTCCCCGGGCAl 1 1 GCGTCGCGGCCAATACCTCAACAGATL.C/ 

ATCAGTGAAATTGATATTCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGAnAAGAGAGGCCGAGTTGAACTGCGTCA 


5986 




CGGCGGGAATATCAATT 


5987 




AATTGATATTCCCGCCG 


cnoo 

5988 


Increased Starch 
ADPGPP 
Triticum aestivum 


Tr* A rr^o a r*TTr* a a oTP/^r^ppTnTPTT a ATnr^TP a o attp a ppr^p a 
1 bAbbbAb 1 1 bAAb 1 bbbbU 1 b 1 b 1 1 AA 1 bb 1 bAbA 1 1 OAbbbbA 

CCTACCTCGGCGGGAACATCAATTTCACTGATGGATCTGTTGAGG 
TATTGGCCGCGACGCAAATGCCCGGGGAGGC 


oycjy 


GlylBZAsn 
GGA-AAC 


GCCTCCCCGGGCAl 1 1 GCGTCGCGGCCAATACCTCAACAGATCC 

ATCAGTGAAATTGATGnCCCGCCGAGGTAGGTGCGGTGAATGTG 

ACGATTAAGAGAGGCCGAGHGAACTGCGTCA 


5990 




CGGCGGGAACATCAATT 


5991 




AAI luAlgTT0t/L.tiL.W3 


oyy^ 


Increased Starch 
ADPGPP 
Zea mays 


CI 1 1 1 CGGAGGAAHATGCTGATCCTAATGAAGTCGCTGCCGTCA 
1 1 1 IGGGIGGIGGIAAAGGGACTCAGCI 1 1 1 CCCTCTCACAAGCA 
CAAGGGCCACCCCTGCTGTTCCTATTGGAGG 


5993 


Thr96Lys 
ACC-AAA 


CCTCCAATAGGAACAGCAGGGGTGGCCCTTGTGCTTGTGAGAGG 
GAAAAGCTGAGTCCCTTTACCACCACCCAAAATGACGGCAGCGAC 
TTCATTAGGATCAGCATAATTCCTCCGAAAAG 


5994 




TGGTGGTAAAGGGACTC 


5995 
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GAGTCCCTTTACCACCA 




Increased Starch 
ADPGPP 
Zea mays 
Pro124Leu 
CCC-CTC 


CAAGCACAAGGGCCACCCCTGCTGTTCCTATTGGAGGATGTTACA 
GGCTTATTGATATCCTCATGAGCAACTGTnCAACAGTGGCATAAA 
CAAGATATTTGnATGACTCAGTTCAACTC 


CQQ7 


GAGnGAACTGAGTCATAACAAATATCTTGTTTATGCCACTGnGA 
AACAGTTGCTCATGAGGATATCAATAAGCCTQTAACATCCTCCAAT 




TGATATCCICATGAGCA 


^QQQ 


TGCTCATGAGGATATCA 


finnn 

QUUU 


ADPGPP 
Zea mays 
Gly159Asn • 
GGG-AAT 


TGACTCAGnCAACTCAGCTTCTCnAACCGTCACATTCATCGTAC 
CTATCTTGGTGGGAATATCAACTTCACTGATGGATCTGnGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 


6001 


GCCTCCCCAGGCATnGTGnGCAGCCAGCACCTCAACAGATCCA 
TCAGTGAAGTTGATAnCCCACCAAGATAGGTACGATGAATGTGA 


\J\J\JL 


TGGTGGGAATATCAACT 


DUUO 


A6TTGATATTCCCACCA 


fififiA 


incicaseu oiorcn 
ADPGPP 
Zea mays 
Gly159Asn 
GGG-AAC 


TGACTCAGnCAACTCAGCTTCTCnAACCGTGACAnCATCGTAC 
CTATCTTGGTGGGAACATCAACnCACTGATGGATCTGTTGAGGT 
GCTGGCTGCAACACAAATGCCTGGGGAGGC 




GCCTCCCCAGGCATTTGTGnGCAGCCAGCACCTCAACAGATCCA 
TCAGTGAAGTTGATGHCCCACCAAGATAGGTACGATGAATGTGA 

PPriTTAAriAriAA/^PT^A<^TTf5AAPTr^Af5TPA 


ouuo 


TGGTGGGAACATCAACT 




AGTTGATGnCCCACCA 


QUuO 


lli(/lcdot;U OlcHi/ll 

ADPGPP 

Planum tuberosum 

Ala58Lys 

GCG-AAG 


CTTGAGAGGCAAAAGAAGGGCGATGCAAGGACAGTAGTAGCAAT 
CATTCTAGGAGGGGGAAAGGGAACTCGTCI 1 1 1 CCCCCTCACCAA 
ACGTCGTGCTAAGCCTGCCGTTCCAATGGGAG 


6009 


CTCCCATTGGAACGGCAGGCTTAGCACGACGTTTGGTGAGGGGG 
AAAAGACGAGnCCCTnCCCCCTCCTAGAATGAHGCTACTACTG 
TCCnGCATCGCCCTTCTTTTGCCTCTCAAG 




GAGGGGGAAAGGGAACT 


6011 


AGTTCCCHTCCCCCTC 


6012 


Increased Starch 
ADPGPP 

Solanum tuberosum 

Pro86Leu 

CCA-CTA 


CCAAACGTCGTGCTAAGCCTGCCGTTCCAATGGGAGGAGCATATA 
GGCTAATTGATGTACTAATGAGCAACTGTATTAACAGTGGCATCAA 
CAAAGTATACATrCTCACTCAATTCAACTC. 


6013 


GAGTTGAAnGAGTGAGAATGTATACTTTGTTGATGCCACTGTTAA 
TACAGTTGCTCATTAGTACATCAATTAGCCTATATGCTCCTCCCAT 
TGGAACGGCAGGCnAGCACGACGTTTGG 


6014 
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TGATGTACTAATGAGCA 


6015 




TGCTCATTAGTACATCA 


6016 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CTCAATTCMCTCAGCCTCACTTMCAGGCATATAGCTCGTGCTTA 
CAACTTTGGCAATAATGTCACATTCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAAn 


6017 


Gly122Asn 
GGG-AAT 


AATTCACCTGGTGTTTGAGTTGCTGCTAAGACGTCGACATAGCCA 

CTCTCGAATGTGACAnAnGCCAAAGTTGTAAGCACGAGCTATAT 

GCCTGnAAGTGAGGCTGAGnGAATTGAG 


6018 




TGGCAATAATGTCACAT 


6019 




ATGTGACAIIATTGCCA 


6020 


Increased Starch 
ADPGPP 

Solanum tuberosum 


CTCAATTCAACTCAGCCTCAGTTAACAGGCATATAGCTGGTGCTTA 
CAACTTTGGCAATAACGTCACAnCGAGAGTGGCTATGTCGAGGT 
CTTAGCAGCAACTCAAACACCAGGTGAAn 


6021 


Gly122Asn 
GGG-AAC 


AAnCACCTGGTGTTTGAGnGCTGCTAAGACCTCGACATAGCCA 
CTCTCGAATGTGACGIEAnGCCAAAGTTGTAAGCACGAGCTATAT 
oOUIol lAAbluAbuOluAl?! IviAATTGAtj 


6022 




TGGCAATAAGGTCACAT 


6023 




ATGTGACGTTATTGCCA 


6024 


Increased Starch 
ADPGPP 
Beta vulgaris 


lAI 1 IGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 
GCTGGGTGGTGGTAAAGGGACTCGCCTCnrCCTCTTACTAGCA 
GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


6025 


Ala98Lys 
GCT-AAA 


CCTCCAAnGGCACTGCTGGCnAGCTCTCCTGCTAGTAAGAGGA 
AAGAGGCGAGTCCCTTTACCACCACCCAGCACAATTGCAGCCACA 


6026 




1 1 1 1 1 IbooluAbOl 1 1 IbbAbAI ILAAAIA 






TGGTGGTAAAGGGACTC 


6027 




GAGTCCCTTTACCACCA 


6028 


Increased Starch 
ADPGPP 
Beta vulgaris 


lAI 1 IGAATCTCCAAAAGCTGACCCAAAAAATGTGGCTGCAATTGT 
GCTGGGTGGTGGTAACGGGACTCGCCTCTTTCCTCTTACTAGCA 
GGAGAGCTAAGCCAGCAGTGCCAATTGGAGG 


6029 


Ala98Lys 
GCT-AAC 


CCTCCAATTGGCACTGCTGGCTTAGCTCTCCTGCTAGTAAGAGGA 
AAGAGGCGAGTCCCGTTACCACCACCCAGCACAATTGCAGCCAC 


6030 




Al 1 1 1 1 IGGGTCAGCTTTTGGAGATrCAAATA 






TGGTGGTAACGGGACTC 


6031 




GAGTCCCGTTACCACCA 


6032 


Increased Starch 
ADPGPP 

Sfi/a \/iifqari<i 


CTAGCAGGAGAGCTAAGCCAGCAGTGCCAATTGGAGGGTGTTAC 
AGGCTGAnGATGTGCTTATGAGCAACTGCATCAACAGTGGCATT 
AGAAAGAI 1 1 1 CATTCnACCCAGnCAATTC 


6033 



Pro126Leu 
CCT-Cn 
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GAATTGAACTobuTAAbAAT uAAAA 10 1 1 1 1 AA 1 ouOAO Hj 1 1 oA 
TGCAGTTGCTCATAAGCACATCAATCAGCCTGTAACACCCTCCAA 
TTGGCACTGCTGGCnAGCTCTCCTGCTAG 


0Uo4 




TGATGTGCTTATGAGCA 


oUoo 




TGCTCATAAGCACATCA 


oUoo 


Increased Starch 
ADPGPP 
Sefa Mulqanz 


ULfOAo 1 1 OAA 1 1 Uvj MM UVjO 1 1 MAI L»o I on 1 0 M oLr 1 uoMnOU 1 M 

TAATmGGAGATAATGTGAATTTTGGGGATGGCTTTGTGGAGGTT 
TTTGCTGCTACACAAACACCTGGAGAATC 




GlylD2Asn 
GGT-AAT 


GATTCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGC/OA 
TCCCCAAAAnCACATTATCTCCAAAATTATAGGTTCGAGCAAGAT 
GACGATTAAGCGAAAACGAAnOAACTGGG 


OUoo 




TGGAGATAATGTGAATT 


oUoy 




AATTCACATTATCTCCA 


DU4U 


Increased Starch 
ADPGPP 
Beta vulgaris 


CCCAGTTOAATTOCj 1 1 1 lOuOl lAAIUoluAIUI IvjL» 1 OoAAOU 1 A 
TAATTnGGAGATAACGTGAATTTTGGGGATGGCTTTGTGGAGGT 
TTTTGCTGCTACACAAACACCTGGAGAATC 




Gly162Asn 
GGT-AAC 


GAnCTCCAGGTGTTTGTGTAGCAGCAAAAACCTCCACAAAGCCA 
TCCCCAAAATTCACGmTCTCCAAAATTATAGGnCGAGCAAGAT 
GACGATTAAGCGAAAACGAATTGAACTGGG 


6042 




TGGAGATAACGTGAAn 


6043 




AATTCACGTTATCTCCA 


6044 
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Oligonucleotides to produce plants with waxy starch 



, p|$Bt«( Targeted, 
' / AtteraiiJB - 




NO: ^ 


Waxy starch 
GBSS 

ArsMopsis fhaliana 


GAATCCAGGTAAACGGGTAGnCATAATGGCAACTGTGACTGCTTC 
nCTAACTTTGTGTGAAGAACnCACI 1 1 1 CAACAATCATGGTGCH 
CTrCATGCTCTGATGTCGCTCAGATTAC 


6045 


Ser12Term 

TCA-TGA 


GTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGAnGTTGA 

AAAf5T^5AAfiTmTrArAf^AAAf3TTAf?AAftAAfir'Af5Tr'ArAf3TTr3f^ 
MnnO 1 OnAVj 1 1 V,/ 1 1 OMOAO/V\Mv3 1 1 t\\3fVVJrv\\3\jn\3 I OM^nO 1 1 V3v/ 

CAnATGAACTACCCGTTTACCTGGATTC 


6046 




CnTGTGTGAAGAACTT 


6047 




AAGTTCTTCACACAAAG 


6048 


Waxy starch 
GBSS 

Arabidopsis thaliana 


ATCCAGGTAAACGGGTAGTTCATAATGGCAACTGTGACTGCnCn 
CTAACTnGTGTCATGAACTTCACI 1 1 1 GAACAATCATGGTGCTTCT 
TCATGCTCTGATGTCGCTCAGATrACCT 


6049 


Arg13Term 


AGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCATGATTGn 
GCCATTATGAACTACCCGTTTACCTGGAT 


6050 




nGTGTCAIGAACTTCA 


6051 




TGAAGnCATGACACAA 


6052 


Waxy starch 
GBSS 

Arabidopsis thaliana 


TAAACGGGTAGTTCATAATGGCAACTGTGACTGCTrCTrCTAACn 
TGTGTCAAGAACTTGACI 1 1 1 CAACAATCATGGTGCTTCTTCATGCT 
CTGATGTCGCTCAGATTACCtTAAAAGG 


6053 


Ser15Term 


CCTTTTAAGGTAATCTGAGCGACATCAGAGCATGAAGAAGCACCAT 

r^ATT/^TTrSAAAAr^TPAArSTTf^TTrSAPAPAAA^^TTAf^AArSAArir^ArST 
V3M Moll yjnnnrXJ 1 UnMo 1 1 U 1 1 V3/\OnLrMrv\V3 1 1 MoMnOnnoLrAVj 1 

CACAGTrGCCATTATGAACTACCCGTTTA 


6054 




AAGAACIIGACIIIICA 


6055 




TGAAAAGTCAAGTTCTT 


6056 


Waxy starch 
GBSS 

Arabidopsis Vtaliana 


TGAGTGCTTCnCTAACnTGTGTCAAGAACTTCACTmCAACAAT 
CATGGTGCTTCnGATGCTCTGATGTCGGTGAGATTACCTTAAAAG 
GCCAATCCTTGACTCATTGTGGGTTAAG 


6057 


Ser24Term 
TGA-TGA 


CTTAAOGCACAATGAGTCAAGGATTGGCCmTAAGGTAATCTGAG 
CGACATCAGAGCATCAAGAAGCACCATGAnGnGAAAAGTGAAGT 
TCTTGACACAAAGTTAGAAGAAGGAGTCA 


6058 




TGCrrCTTGATGCTCTG 


6059 




CAGAGCATCAAGAAGCA 


6060 
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Waxy starch 
GBSS 

Arabidopsis thaliana 

Cys25Term 

TGC-TGA 


TGCnCnCTAACTTTGTGTCAAGAACTTCACTTTTCAACAATCATG 
GTGCnCnCATGATCTGATGTCGCTCAGATTACCTTAAAAGGCCA 
ATCCnGACTCATTGTGGGnAAGGTCA 


6061 


TGACCTTAACCCACAATGAGTCAAGGATTGGCCTTTTAAGGTAATC 
TGAGCGACATCAGAICATGAAGAAGCACCATGATTGTTGAAAAGTG 
AAGTTCTTGACACAAAGnAGAAGAAGCA 


6062 


TCTTCATGATCTGATGT 


6063 


ACATCAGATCATGAAGA 


6064 


Waxy starch 
GBSS 

Mirrhinum majus 
Lys24Term 
AAA-TAA ' 


GTAACAGCnCACAGnGGTGTGACATGTCCATGGTGGAGCAACG 
TCTTCACCGGATACTTAAACAAACnGGCCCAGGnGGCCTCAGG 
AACGAGCAATTCACTCACAATGGGTTGAGAT 


6065 


ATCTCAACCCATTGTGAGTGAAnGCTGGnCCTGAGGCCAACCT 
GGGCCAAGTlTGnTAAGTATCCGGTGAAGACGTTGCTCCACCAT 
GGACATGTGACACCAACTGTGAAGCTGnAC 


6066 


CGGATACrrAAACAAAC 


6067 


GTTTGTrTAAGTATCCG 


6068 


Waxy starch 
GBSS 

Antirriiinum majus 

Leu27Term 

TTG-TAG 


CACAGTTGGTGTCACATGTCCATGGTGGAGCAAGGTCnCACCGG 
ATACTAAAACAAACTAGGCCCAGGTTGGCCTCAGGAACCAGCAAT 
TCACTCACAATGGGTTGAGATCAATAAACAT 


6069 


ATGTTTATTGATCTCAACCCAnGTGAGTGAATTGCTGGTTCCTGA 
GGCCAACCTGGGCCTAGTTTGI 1 1 lAGTATCCGGTGAAGACGTTG 
CTCCACCATGGACATGTGACACCAACTGTG 


6070 


AACAAACTAGGGGCAGG 


6071 


CCTGGGCCIAGTrTGn 


6072 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln29Term 

CAG-TAG 


TTGGTGTCACATGTCCATGGTGGAGCAACGTCnCACCGGATACT 
AAAACAAACTTGGCCTAGGnGGCCTCAGGAACCAGCAATTCACT 
CACAATGGGnGAGATCAATAAACATGGnG 


6073 


CAACCATGTTTAnGATCTCAACCCATTGTGAGTGAATTGCTGGn 
CCTGAGGCCAACCTAGGCCAAGTTTGTnTAGTATCCGGTGAAGA 
CGnGCTCCACCATGGACATGTGACACCAA 


6074 


ACnGGCCIAGGTTGGC 


.6075 


GCCAACCTAGGCCAAGT 


6076 


Waxy starch 
GBSS 

Antirrhinum majus 

Gln35Term 

CAG-TAG 


GGTGGAGCAACGTCTTCAGCGGATACTAAAAGAAACnGGCCCAG 

GTTGGCCTCAGGAACTAGCAATTCACTCACAATGGGnGAGATCAA 

TAAACATGGnGATAAGCTTCAAATGAGGA 


6077 


TCCTCAnTGAAGCTTATCAAGCATGTTTAnGATGTCAACCCATTG 
TGAGTGAAnGCTAGnCCTGAGGCCAAGCTGGGCCAAGTTTGn 
nAGTATCCGGTGAAGACGTTGCTCCACC 


6078 
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NO: 






TCAGGAACIAGCAATTC 


6079 


GAAnGCTAGTTCCTGA 


6080 


Waxy starch 
GBSS 

AnVntinum majus 

Gln36Term 

CAA-TAA 


GGAGCAACGTCTTCACCGGATACTAAAACAAACTTGGCCCAGGTT 

GGCCTCAGGAACCAGTAAnCACTCACAATGGGTTGAGATCAATAA 

ACATGGTTGATAAGCnCAAATGAGGAACA 


6081 


TGTTCCTCATTTGAAGCTTATCAACCATGTTTATTGATCTCAACCCA 
TTGTGAGTGAATTACTGGTTCCTGAGGCCAACCTGGGCCAAGTTT 
GIN lAGTATCCGGTGAAGACGTTGCTCC 


6082 


GGAACCAGTAATTCACT 


6083 


AGTGAATTACTGGTTCC 


6084 


Waxv starch 
GBSS 

Ipomoea batatas 

Gly20Term 

GGA-TGA 


GTGATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTG 

\»j 1 w/^ 1 \j\j\j\jr^i\j \ #1 1 rViw 1 www 1 w/»w#»w 1 1 1 w 1 1 1 w 1 wn i w i w i \^ i v«*» 

GGGGTGCCAGTTCnGAGAATCAAAAGTGGGGnGGGTCAATTAG 
CCCTGAGGAGCCAAGCTGTGACTCACAATG 


6085 


CATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCAACC 

w* \ 1 1 \^ 1 v^/iw 1 w#»wi»^^w 1 1 ^Jv^w 1 WW 1 w/*^^\j\^w 1 i\r\ i i ^^/\www/»#»ww 

CCACTTTTGAnCTCAAGAAGTGGCACCCCCACAGACATGAGAAA 
CAAAGTGTGAGGGAGTTATAGTCGCCATCAC 


6086 


CCACTTCTTGAGAATCA 


6087 


TGATTCTCAAGAAGTGG 


6088 


Waxv starch 
GBSS 

Ipomoea batatas 

Glu21Temi 

GAA-TAA 


ATGGCGACTATAACTGCCTCACACTTTGTTTCTCATGTCTGTGGGG 

GTGCCACTTCTGGATAATCAAAAGTGGGGnGGGTCAATTAGCCC 

TGAGGAGCCAAGCTGTGACTCACAATGGGT 


6089 


ACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAATTGACCCA 
ACCCCACI 1 1 IGAnATCCAGAAGTGGCACCCCCACAGACATGAG 
AAACAAAGTGTGAGGCAGTTATAGTCGCCAT 


6090 


CTTCTGGAIAATCAAAA 


6091 


TTTTGATTATCCAGAAG 


6092 


VVClAy oLdlV/ll 

GBSS 

Ipomoea baMas 

Ser22Term 

TCA-TGA 


nfiACTATAAnTGCCTCACACTTTGTTTCTCATfiTnTfiTGGGRGTGC 

Ww^^w 1 r\ 1 AVAw 1 VJww 1 wr^wrVw 1 1 1 VJ 1 1 1 w 1 w^ 1 \? 1 w 1 1 wwVJ\J\J 1 WW 

CACTTCTGGAGAATGAAAAGTGGGGTTGGGTCAATTAGCCCTGAG 
GAGCCAAGCTGTGACTCACAATGGGTTGAG 




CTCAACCCATTGTGAGTCACAGCTTGGCTCCTCAGGGCTAAnGA 
CCCAACCCCACTTrTCAnCTCCAGAAGTGGCACCGCCACAGACA 
TGAGAAACAAAGTGTGAGGCAGTTATAGTCG 


6094 


TGGAGAATGAAAAGTGG 


6095 


CCACIIIICAIICICCA 


6096 
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Waxy starch 
GBSS 

Ipomoea batatas 


ACTATMCTGCCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCA 
CnCTGGAGAATCATAAGTGGGGTTGGGTCAATTAGCCCTGAGGA 
GCCAAGCTGTGACTCACAATGGGTTGAGAC 


6097 


Lys23Term 
AAA-TAA 


GTCTCAAGCCAnGTGAGTCACAGCTrGGCTCGTCAGGGCTAATT 

GACCCAACCCCACTTATGAnCTCCAGAAGTGGCACCCCCACAGA 

CATGAGAAACAAAGTGTGAGGCAGnATAGT 


6098 




GAGAATCAIAAGTGGGG 


6099 




CCCCACTTATGAnCTC 


6100 


Waxv starch 
GBSS 

Ipomoea batatas 


CCTCACACTTTGTTTCTCATGTCTGTGGGGGTGCCACTTCTGGAGA 
ATCAAAAGTGGGGTAGGGTCAATTAGCCCTGAGGAGCCAAGCTGT 
GACTCACAATGGGTTGAGACCTGTGAACAA 


6101 


Leu26Term 
TTG-TAG 


nGnCACAGGTCTCAACCCAnGTGAGTCACAGCnGGCTCCTCA 
GGGCTAATTGACCCTACCCCACI 1 1 1 GAnCTGCAGAAGTGGCAC 
CCCCACAGACATGAGAAACAAAGTGTGAGG 


6102 




AGTGGGGTAGGGTCAAT 


6103 




ATrGACCCIACCCCACT 


6104 


Waxv starch 

GBSS 

Astragalus 


CATCGGGGATTGTTGCTCCTTACTGCTCTCTCACAGAATGGCAAG 

GGrGACGGGGTCTTAGGTGGTGTCGAGAAGCGCGTGCTTCAAnC 

CCAGGGAAGAACAGAAGCCAAAGTGAATTCA 


6105 


membranaeus 
TyrSTerm 
TAT-TAG . 


TGAATTCACTrTGGCTTCTGTTCTrCCCTGGGAATrGAAGCACGCG 

CnCTCGACACCACCTAAGACCCCGTCACCGTTGCCATTCTGTGA 

GAGAGCAGTAAGGAGCAACAATCGCCGATG 


6106 




GGGTCTTAGGTGGTGTC 


6107 




GAGACCACfiTAAGACCC 


6108 


Waxv starch 

GBSS 

Astragalus 


ATTGnGCTCCTTACTGCTCTCTCACAGAATGGCAACGGTGACGG 

GGTCnATGTGGTGTAGAGAAGCGCGTGCTTCAATTCCCAGGGAA 

GAACAGAAGCCAAAGTGAATTCACCTCAGAA 


6109 


membranaeus 

Ser11Term 

TCG-TAG 


TTCTGAGGTGAAnCACITTGGCTTCTGTTCTTCCGTGGGAAnGA 
AGCACGCGCTTCTCTACACCACATAAGACCCCGTCAGCGTTGCCA 
nCTGrGAGAGAGCAGTAAGGAGCAACAAT 


6110 




TGTGGTGTAGAGAAGCG 


6111 




CGCnCTCIACACCACA 


6112 



wo 01/92512 



-150- 



PCT/USOl/17672 





; ^ ^ ^ ^ ' / ^ ^ ^ ^ ^ ^ . s ■ < J 




Waxy starch 

GBSS 

Astragalus 

membrariaeus 

ArglZTerm 

AGA-TGA 


TGTTGCTCCnACTGCTCTCTCACAGAATGGCAACGGTGACGGGG 
TCnATGTGGTGTCGTGAAGCGCGTGCnCAAnCCCAGGGAAGA 
ACAGAAGCCAAAGTGAAnCACCTCAGAAGA 


6113 


TCTTCTGAGGTGAATTCACTTTGGCTTCTGncnCCCTGGGAAn 

GAAGCACGCGCTTCACGACACCACATAAGACCCCGTCACCGTTGC 

CAnCTGTGAGAGAGCAGTAAGGAGCAACA 


6114 


TGGTGTCGIGAAGCGCG 


6116 


CGCGCTTCACGACACCA 


6116 


Waxy starch 

GBSS 

Astragalus 

membranaeus 

Cys15Term 

TGC-TGA 


ACTGCTCTCTCACAGAATGGCAACGGTGACGGGGTCnATGTGGT 
GTCGAGAAGCGCGTGATTCAATTCCCAGGGAAGAACAGAA6CCAA 
AGTGAATTCACCTCAGAAGATAAATCTCAAT 


6117 


ATTGAGAnTATCTTCTGAGGTGAATTCACTTTGGCTTGTGTTCTTC 
CCTGGGAAnGAATCACGCGCnCTCGACACCACATAAGACCCCG 
TCACCGTTGCCAnCTGTGAGAGAGCAGT 


6118 


AGCGCGTGATTCAATTC 


6119 


GAATTGAAICACGCGCT 


6120 


Waxv starch 

GBSS 

Astragalus 

membranaeus 

Gln19Term 

CAG-TAG 


CACAGAATGGCAACGGTGACGGGGTCTTATGTGGTGTCGAGAAGC 

GCGTGCTTCAATTCCTAGGGAAGAACAGAAGCCAAAGTGAATTCA 

CCTCAGAAGATAAATCTCAATAGGCAAGCAT 


6121 


ATGCnGGCTATTGAGATTTATCTTCTGAGGTGAATTCACTTTGGCT 
TCTGTTCnCCCTAGGAAnGAAGCACGCGCnCTCGACACCACAT 
AAGACCCCGTCACCGnGCCAnCTGTG 


6122 


TCAATTCCIAGGGAAGA 


6123 


TCTTCCCTAGGAATTGA 


6124 


Waxy starch 
GBSS 

Solanum tuberosum 

SerTTerm 

TCA-TGA 


1 G 1 AGO 1 1 GG 1 AGA 1 1 CCCC 1 1 1 1 1 G 1 AGACCACACA 1 CACATGGC 
AAGCATCACAGCnGACACCACTTTGTGTCAAGAAGCCAAACTTCA 
CTAGACACCAAATCAACCnGTCACAGAT 


6125 


ATCTGTGAGAAGGTTGAnTGGTGTCTAGTGAAGTrTGGCTTCnG 
ACACAAAGTGGTGTCAAGCTGTGATGCnGCCATGTGATGTGTGG 

TCTACAAAAAGGGGAATCTACCAAGCTACA 


6126 


CACAGCTTGACACCACT 


6127 


AGTGGTGTCAAGCTGTG 


6128 


Waxy starch 
GBSS 

Solanum tuberosum 

Ser12Term 

TCA-TGA 


TCCCCmTTGTAGACCACACATCACATGGCAAGCATCACAGCTTC 
ACACCACnTGTGTGAAGAAGCCAAACTTCACTAGACACCAAATCA 
ACCTTGTCACAGATAGGACTCAGGAACCA 


6129 . 


TGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGTGTCTAGTG 
AAGTTTGGCTrCTTCACACAAAGTGGTGTGAAGCTGTGATGCTTGC 
CATGTGATGTGTGGTCTACAAAAAGGGGA 


6130 
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CTTTGTGTfiAAGAAGCC 


6131 






GGCnCnSACACAAAG 


6132 




Waxy starch 
GBSS 

Solanum tuberosum 


CCCTmTGTAGACCACACATCACATGGCAAGCATCACAGCnCAC 
ACCACTTTGTGTCATGAAGCCAAACTTCACTAGACACCAAATCAAC 
CTTGTCACAGATAGGACTCAGGAACCATA 


6133 


5 


Arg13Term 
AGA-TGA 


TATGGTTCCTGAGTCCTATCTGTGACAAGGrrGATrTGGTGTCTAG 
TGAAGTTTGGCTTCATGACACAAAGTGGTGTGAAGCTGTGATGCTT 
GCCATGTGATGTGTGGTCTACAAAAAGGG 


6134 






TTGTGTCAIGAAGCCAA 


6135 






TTGGCnCATGACACAA 


6136 




Waxy starch 
GBSS 

Solofium tuberosum 


TTGTAGACCACACATGACATGGCAAGCATCAGAGCTTCACACCACT 

TTGTGTCAAGAAGGIAAACTTCACTAGACACCAAATCAACCnGTC 

ACAGATAGGACTCAGGAACCATACTCTGA 


6137 


10 


Gln15Term 
CAA-TAA 


TCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGTTGATTTGGT 
GTCTAGTGAAGTTTAGCTTCnGACACAAAGTGGTGTGAAGCTGTG 
ATGCTTGCCATGTGATGTGTGGTCTACAA 


6138 






CAAGAAGCTAAACTTCA 


6139 






TGAAGnTAGCnCTTG 


6140 




Waxy starch 
GBSS 

Solanum tuberosum 


CCACACATCACATGGCAAGCATCACAGCTTCACACCACI 1 lUIUlC 
AAGAAGCCAAACTTGACTAGACACCAAATCAACCTTGTGACAGATA 
GGACTCAGGAACCATACTCTGACTCACAA 


6141 


15 


Ser17Term 
TCA-TGA 


TTGTGAGTCAGAGTATGGTTCCTGAGTCCTATCTGTGACAAGGnG 
ATrTGGTGTCTAGTCAAGTTTGGCTTCTTGACACAAAGTGGTGTGA 
AGCTGTGATGCnGCCATGTGATGTGTGG 


6142 






CCAAACTTGACTAGACA 


6143 






TGTCTAGTCAAGTTTGG 


6144 




Waxy starch 
GBSS 

Pisum sativum 


GTCGATCACTCnCTCTCACCGCGGAAACAGATnTGACACAAAAA 
TGGCAACAATAACGIGATCnCAATGCCGACGAGAACCGCGTGCT 
TCAATTACCAAGGAAGATCAGCAGAGTCTA 


6145 


20 


GlyBTerm 
GGA-TGA 


TAGACTGTGCTGATCnCGTTGGTAATTGAAGCACGGGGnCTCGT 

CGGCAnGAAGATCACGnAnGnGCCATnrrGTGTCAAAATCT 

GTTTCGGCGGTGAGAGAAGAGTGATCGAC 


6146 






CAATAACGIGATCTTCA 


6147 






TGAAGATCACGnATTG 


6148 
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SEQID 

> 'K05 -'^ 


Waxysterch 
GBSS 

P'mm sativum 

Ser8Term 

TCA-TGA 


AATAACGGGATCTTGAATGCCGACGAGAACCGCGTGCTTCAATrA 
CCAAGGAAGATCAGCAGAGTCTAAACTGAA 


6149 


TTP A^^TTT A/^ A PTPT^iPTP ATPTTPPTT/^OT A ATTP A A/^P AP^P^r! 

TTCTCGTCGGCATTCAAGATCCCGnAnGITGCCAl 1 1 1 IGTGTC 
AAAATCTGTTTCGGCGGTGAGAGAAGAGT 


6150 


GGGATCTTGAATGCCGA 


6151 


TCGGCATTCAAGATCCC 


6152 


Waxv starch 
GBSS 

Pisum sativum 

Arg12Term 

AGA-TGA 


ArTTT'^^^A A Ar>A^ATTTT/^ A/^Ar* A A A A ATC/T* A Ar* A ATA ArT'^/^AT 

AL.LoUHjAAAL.AbAI 1 1 1 LiAUAUAAAAA 1 boL-AAuAA 1 AAOoboA 1 

CTTCAATGCCGACGTGAACCGCGTGCTTCAATTACCAAGGAAGAT 
CAGCAGAGTCTAAACTGAATTTGCCTCAGA 


6153 


Tr'T/^AO/^r'A A ATTr'Ar'TTTAr'Ar>TPTr>PTr*ATr>TTr»^TT^(^TA ATT 

IL.lbAbbL.AAAI lOAbl 1 IAbAL.IL.lbl/lbAI 01 IUL.I IbblAAl 1 

GAAGCACGCGGTTCACGTCGGCATTGAAGATCCCGTTAnGnGC 
CAI 1 1 1 IGTGTCAAAATCTGTTTCGGCGGT 


6154 


TGCCGACGIGAACCGCG 


6155 


CGCGGTTCACGTCGGCA 


6156 


Waxv starch 
GBSS 

Pisum sativum 

Cys15Term 

TGC-TGA 


A/^A 1 1 1 1 /^A/^A/^A AAA AT/^/^O A A/^ A AX A A/^/^/^/^ ATOTX/^ A ATf^f^r^r^ 

AGAI 1 1 IGACACAAAAATbGCAACAATAACGGGATCTTCAATbCCb 
ACGAGAACCGCGTGAnCAATTACCAAGGAAGATCAGCAGAGTCT 
AAACTGAATTTGCCTCAGATACACTTCAAT 


6157 


ATT/^ A A/^Tr'TAT/^Tr'ArT'*^ A A ATT^'Ar'TTTA/^ Ar>T(^T/"T>T/^ATr^TT 

Al lbAAblblAIL.lbAbbL.AAAI IL.Abl 1 IAbAL.IL.IbL.lbAIL/1 1 
CCnGGTAAnGAATCACGCGGnCTCGTCGGCATTGAAGATCCC 
GnATTGnGCCATnTTGTGTCAAAATCT 


6158 


ACCGCGTGATTCAATTA 


6159 


TAATTGAATCACGCGGT 


6160 


Waxv starch 
GBSS 

Pisum sativum 

Tyr18Term 

TAC-TAG 


/^Ar* A A A A AT/^OOA Ar*A ATA A^/^O/^ AT/^TT/^A AT0r*r*O A/^^ A^ A A^ 

OAL.AAAAAI bbL.AAL»AA 1 AAObbbA 1 L> 1 1 L.AA 1 bOL/bAObAbAAL. 

CGCGTGCTTCAAnAGCAAGGAAGATCAGCAGAGTCTAAACTGAAT 

TTGCCTCAGATACACTTCAATAACAACCAA 


6161 


TTPPTTPTT ATTP A A PTPT A TPTP A r^r* P A A ATT*P A HTTT A r' A PTPTr* 

1 1 bvjj 1 lb 1 1 A 1 1 oAAo 1 vj 1 A 1 0 1 vjAobUAAA 1 1 UAo 1 1 1 AoAO 1 0 1 o 

CTGATCnCCTTGCTAATTGAAGCACGCGGTrCTCGTCGGCATTGA 
AGATCCCGnATTGnGCCAl 1 1 1 IGTG 


6162 


TTCAATTAGCAAGGAAG 


6163 


CTTCCTTGCTAAnGAA 


6164 


Waxy starch 
GBSS 

Manihotesculenta 

Ser14Term 

TCA-TGA 


TCTACACCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACAn 

TCGTTTCCAGGAGCTGACACnGAGCATCCATGCAnAGAGACTAA 

GGGTAATAATTTGTCTCACACTGGACCCTG 


6165 


CAGGGTCCAGTGTGAGACAAAnATTAGCCTTAGTCTCTAATGCAT 
GGATGCTCAAGTGTCAGCTCCTGGAAACGAAATGTGCAGCTAnA 
CAGTTGCCATGGTGGTCTCTCCGGTGTAGA 


6166 
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CAGGAGCTGACACTTGA 


6167 


TCAAGTGTCAGCTCCTG 


6168 


Waxy starch 
GBSS 

Manihotesculenta 

Leu16Term 

TTG-TAG 


CCGGAGAGAGCACCATGGCAACTGTAATAGCTGCACATTTCGTTT 
CCAGGAGGTCACACTAGAGCATCCATGCATTAGAGACTAAGGCTA 
ATAATTTGTCTCACACTGGACCCTGGACCCA 


6169 


TGGGTCCAGGGTCCAGTGTGAGACAAATTATTAGCCTTAGTCTCTA 

ATGCATGGATGCTCTAGTGTGAGCTCCTGGAAACGAAATGTGCAG 

CTATTACAGnGCCATGGTGCTCTCTCCGG 


6170 


CTCACACTAGAGCATCC 


6171 


GGATGCTCIAGTGTGAG 


6172 


Waxy starch 
GBSS 

Manihotesculenta 

Leu21Term 

HA-TGA 


TGGCAACTGTAATAGCTGCACATrrCGTTTCCAGGAGCTCACACn 
GAGCATCCATGCATGAGAGACTAAGGCTAATAAirrGTCTCACACT 
GGACCCTGGACCCAAACTATCACTCCCAA 


6173 


TTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAATTA 

TTAGCCTTAGTCTCTCATGCATGGATGGTCAAGTGTGAGCTCCTGG 

AAACGAAATGTGCAGCTAnACAGnGCCA 


6174 


CCATGCATGAGAGAGTA 


6175 


TAGTGTCTCATGCATGG 


6176 


Waxy starch 
GBSS 

Manihotesculenta 

Glu22Term 

GAG-TAG 


GCAACTGTAATAGCTGCACATTTCGTTTCCAGGAGCTCACACTTGA 

GCATCCATGCATTATAGACTAAGGCTAATAAnTGTCTCACACTGG 

ACCCTGGACCCAAACTATCACTCCCAATG 


6177 


CATTGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAGACAAAT 
TATrAGCGTTAGTCTATAATGCATGGATGCTCAAGTGTGAGCTCCT 
GGAAACGAAATGTGCAGCTATTACAGnGC 


6178 


ATGCATTAIAGACTAAG 


6179 


CnAGTCTATAATGCAT 


6160 


Waxy starch 
GBSS 

Manihotesculenta 

Lys24Term 

AAG-TAG 


GTAATAGCTGCACATTTCGTTTCCAGGAGGTCACACTTGAGCATCC 
ATGCATTAGAGACnAGGCTAATAAnTGTCTCACACTGGACCCTG 
GACCCAAACTATCACTCCCAATGGTrTAA 


6181 


nAAACCAnGGGAGTGATAGTTTGGGTCCAGGGTCCAGTGTGAG 
ACAAATTAnAGCCTAAGTCTCTAATGCATGGATGCTCAAGTGTGA 

GGTCCTGGAAACGAAATGTGCAGCTATTAC 


6182 


TAGAGACTIAGGGTAAT 


6183 


ATTAGGCTAAGTCTCTA 


6184 
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Waxy starch 
GBSS 

Phaseolus vulgaris 

Ser12Term 

TCA-TGA 


ACAACTCCTCCGTCACCGGTATAAGCATGGCAACGGTATCGATGG 
CATCGTGCGTGGCGTGAAAAGGCGCGTGGAGTACAGAGACAAAA 
GTGAAATCTTCGGGTCAGATGAGCCTGAACCG 


6185 


CGGI ICAGGCICAICIGACCCGAAGAI 1 ICAGI 1 1 IGICICIGIAC 
TCCACGCGCCTTTTCACGCCACGCACGATGGCATCGATACCGTTG 
CCATGCTTATACCGGTGACGGAGGAGTTGT 


6186 


CGTGGCGTGAAAAGGCG 


6187 


CGCCTTTTCACGCCACG 


6188 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Trp16Term 

TGG-TGA 


CACCGGTATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGC 
GTCAAAAGGCGCGTGAAGTACAGAGACAAAAGTGAAATCTTCGGG 
TCAGATGAGCCTGAACCGTCATGAAnGAAA 


6189 


rrTCAAnCATGACGGTTCAGGCTCATCTGACCCGAAGATTTCACT 
TTTGTCTCTGTACTTCACGCGCCI 1 1 1 GACGCCACGGACGATGCC 
ATCGATACCGTTGCCATGCTTATACCGGTG 


6190 


GGCGCGTGAAGTACAGA 


6191 


TCTGTACTICACGCGCC 


6192 


Waxy starch 
GBSS 

Phaseolus vulgaris 

6lu19Term 

GAG-TAG 


ATAAGCATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAA 
GGGGCGTGGAGTACATAGACAAAAGTGAAATCnCGGGTGAGATG 
AGCCTGAACCGTGATGAAnGAAATACGATG 


6193 


CATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACCCGAAGA 
nrCACI 1 1 IGTCTATGTACTCCACGCGCCmTGACGCCACGCAC 
GATGCCATCGATACCGnGCCATGCTTAT 


6194 


GGAGTACAIAGACAAAA 


6195 


IIIIGICIAIGIACICC 


6196 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys21Term 

AAA-TAA 


ATGGCAACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGC 
GTGGAGTACAGAGACATAAGTGAAATCTTCGGGTCAGATGAGCCT 
GAACCGTCATGAATTGAAATACGATGGGTTGA 


6197 


TCAACCCATCGTATTTCAATTCATGACGGTTCAGGCTCATCTGACC 
CGAAGATTrCACTTATGTCTCTGTACTCCACGCGCCTTTTGACGCC 
ACGCACGATGCCATCGATACCGrrGCCAT 


6198 


CAGAGACATAAGTGAAA 


6199 


TTTCACnATGTCTCTG 


6200 


Waxy starch 
GBSS 

Phaseolus vulgaris 

Lys23Term 

AAA-TAA 


ACGGTATCGATGGCATCGTGCGTGGCGTCAAAAGGCGCGTGGAG 
TACAGAGACAAAAGTGTAATCTTCGGGTCAGATGAGCCTGAACCG 
TCATGAATTGAAATACGATGGGTTGAGATCTC 


6201 


GAGATCTCAACCCATCGTAnTCAATTCATGACGGTTCAGGCTCAT 
CTGACCCGAAGATTACACTTTTGTCTCTGTACTGCACGCGCCI 11 1 
GACGCCACGGACGATGCCATCGATACCGT . 


6202 
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CAAAAGTGIAATCnCG 


6203 


CGAAGAnACACTTTTG 


6204 


Waxy starch 
GBSS 

Triticum aesfivum 

Tyr7Term 

TAT-TAG 


GCGCCTAGCTCGAAAAGGTCGTCAnGAGAGGCTGCACCAATGG 

GnCCATTCCTAAnAGTGTTCnATCAAACAAACAGTGTTGGnCA 

CTGAAACTGTCGCCTCACATCCAATTCCAG 


6205 


CTGGAAnGGATGTGAGGCGAGAGnTCAGTGAACCAACACTGTTT 
GTTTGATAAGAACACTAAnAGGAATGGAACCCATTGGTGCAGCCT 
CTCAATGACGACCI 1 1 1 CGAGCTAGGCGC 


6206 


CCTAATTAGTGTTCTTA 


6207 


TAAGAACACTAAHAGG 


6208 


Waxy starch 
GBSS 

Tiiticum aestivum 

CysSTerm 

TGT-TGA 


CCTAGCTCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGnC 
CATTCCTAAmTTGATCTTATCAAACAAACAGTGTTGGTTCACTGA 
AACTGTCGCCTCACATCCAATTCCAGCAA 


6209 


nGCTGGAATTGGATGTGAGGCGACAGlTTCAGTGAACCAACACT 
GTTTGTTTGATAAGATCAATAATTAGGAATGGAACCCAnGGTGCA 
GCCTCTCAATGACGACCTTnCGAGCTAGG 


6210 


AAnAnGATCTTATCA 


6211 


TGATAAGATCAATAATT 


6212 


Waxy starch 
GBSS 

Triticum aestivum 

TyrlOTerm 

TAT-TAG 


TCGAAAAGGTCGTCATTGAGAGGCTGCACCAATGGGnCCAnCC 
TAATTATTGnCnAGCAAACAAACAGTGnGGTrCACTGAAACTGT 
CGGCTCACATCGAAnCCAGCAATCnGT 


6213 


ACAAGATrGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAACC 
AACACTGTTTGTTTGCTAAGAACAATAAnAGGAATGGAACCCAn 
GGTGCAGCCTCTCAATGACGACCI 1 1 ICGA 


6214 


TGTTCTTA6CAAACAAA 


6215 


TTTGTTTGCTAAGAACA 


6216 


Waxy starch 
GBSS 

Triticum aestivum 

Gln11Term 

CAA-TAA 


CGAAAAGGTCGTCAnGAGAGGCTGCACCAATGGGTTCGATTCCT 
AATTATTGTTCTTATTAAACAAACAGTGnGGTTCACTGAAAGTGTC 
GCCTCACATCCAATTCCAGCAATCTTGTA 


6217 


TACAAGAnGCTGGAATTGGATGTGAGGCGACAGTTTCAGTGAAC 

CAACACTGTTTGTTrAATAAGAACAATAAnAGGAATGGAACCCATT 

GGTGCAGCCTCTCAATGACGACCTnrCG 


6218 


GnCTTATTAAACAAAC 


6219 


GTTTGTTTAATAAGAAC 


6220 
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Waxy starch 
GBSS 

Triticum aestivum 

Ser17Term 

TCA-TGA 


AGGCTGCACCAATGGGTTCCATTCCTAATTATTGTTCTTATCAAACA 
MCAGTGTTGGnGACTGAAACTGTCGCCTCACATCCMTTCCAGC 
AATCTTGTAACAATGAAGTTATGTTCCT 


6221 


AGGAACATAACTTCATTGTTACAAGATTGCTGGAATTGGATGTGAG 
GCGACAGTTTCAGTCAACCAACACTGTTTGTTTGATAAGAACAATA 
ATTAGGAATGGAACCCATTGGTGCAGCCT 


6222 


lull bb 1 1 oAU 1 bAAAU 


6223 


GTTTCAGTCAACCAACA 


6224 


Waxy starch 
GBSS 

Thticum aestivum 

Gln28Term 

CAG-TAG 


CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCG 
GATGCGGCTCTCGGCATGAGGACCGTCGGAGCTA 


6225 


CGGGGCCTCACGCCCTAGAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 


6226 


CAGG 1 1 1 CTAGGGCGTG 


6227 


CACGCCCTAGAAACCTG 


6228 


Waxy starch 
GBSS 

Triticum aestivum 

Gly46Term 

GGA-TGA 


r^fiTTTPrAf^fifirRTfiAr^firrrrfifiAfirprfir^rrjriATrjr'firirTP 
TCGGCATGAGGACCGTCTGAGCTAGCGCCGCCCCAACGCAAAGC 
GGGAAAGCGCACCGCGGGACCCGGGGGTGCCTCT 


6229 


GGGGCGGCGCTAGCTCAGACGGTCCTCATGCCGAGAGCCGCATC 
CGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6230 


bGALrObTOTbACjOTAbC 


6231 


GCTAGCTCAGACGGTCC 


6232 


Waxy starch 
GBSS 

Triticum aestivum 

Gln53Term 

CAA-TAA 


nfifiAfiPcnttftPfiftATCr(^fiPTrTrftf5PAT(^AnRArrr5Tpr5r^Ar5 

wVjVJ/AVJ WW wvJO www/A 1 wwVJww 1 w 1 wwVJwri 1 VPAwwMwwO 1 wOwAw 

CTAGCGCCGCCCCAACGTAAAGCCGGAAAGCGCACCGCGGGACC 
CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACCG 


6233 


CGGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCrGnG 

WWW 1 wwwwwwwltwwriiWWri 1 ww/^wr^www/twwwwwwww 1 wwwwww 

GTGCGCTTTCCGGCTTTACGTTGGGGCGGCGCTAGCTCCGACGG 
TCGTCATGCCGAGAGCCGCATCCGCCGGGCTGCG 


6234 


CCCCAACGIAAAGCCGG 


6235 


CCGGCTTTACGTTGGGG 


6236 


Waxy starch 
GBSS 

Triticum aestivum 

Lys56Term 

AAA-TAA 


GCGGATGCGGCTCTGGGCATGAGGAGCGTCGGAGCTAGCGCGG 
CCCCAACGCAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCG 


6237 


CGCCGCTGCCGGTGGCGCGGACCACCATGGAGAGGCACCGCCG 

GGTCCCGCGGTGCGCTTACCGGCTTTGCGnGGGGCGGCGCTAG 

CTCCGACGGTCCTCATGCCGAGAGCCGCATCCGC 


6238 
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6239 


GTGCGCTTACCGGCnr 


6240 


Waxy starch 
GBSS 

Mcum aestivum 

Glu85Term 

GAG-TAG 


CTCTCCATGGTGGTGCGCGCCACCGGCAGCGGCGGCATGAACCT 

\j 1 1 v/\i/<^ i WW 1 WW 1 WW wWwWw/iwW wwwr^wwx^X^WwwW** 1 w# w »ww i 

CGTGTTCGTCGGCGCCTAGATGGCGCCCTGGAGCAAGACCGGCG 
GCCTCGGCGACGTCCTCGGGGGCCTCCCCCCAG 


6241 


fITGRGGGGAGGCCCCCGAGGACGTCGCCGAGGCCGCCGGTCTT 

W 1 ^WWWWW««WWWWWWWW*tW^^/lWW 1 wwww w/twww W^^WWWX^ 1 W 1 1 

GCTCCAGGGCGCCATCTAGGCGCCGACGAACACGAGGTTCATGC 
CGCCGCTGCCGGTGGCGCGCACCACCATGGAGAG 


6242 


1 UobLbULrTAvjAi bbOb 


6243 


CGCCATCTAGGCGCCGA 


6244 


Waxy starch 
GBSS 

Mcum ae^mm 

GInSTerm 

CAG-TAG 


GGCTCTGGTCACGTCGTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCATCACCGACAGGnCCGGCGTGCAGGTTTTC 


6245 


CCGGAGGTGGCGAGCTACGACGTGACCAGAGCCGCCATCGCGC 
GCGCAGGGTGTGGCTACCTGCAGCGAGAGACGAC 


6246 


TCACGTCGTAGCTCGCC 


6247 


GGCGAGCTACGACGTGA 


6248 


Waxy starch 
GBSS 

Mcum aesimm 

Gln28Term 

CAG-TAG 


rAfirTPfirrAPnTnnfiRPAnnRTnnTCGGCATCACCGACAGGTT 

O/Aw w 1 x/Ov/w/Aww 1 v/wwwV^r>wwO 1 \j\J 1 V/wwwl« 1 w/AwWV?r\wr\ww 1 1 

CCGGCGTGCAGGTTnTAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 


6249 


TrfirTrPfiRTAGTCCTnATGOCIGAGCGGCGCATCTGCCGGGCTC 

1 O WW 1 wwOw 1 rAw 1 WW 1 \jr\ 1 www w/iw ww ww wwii 1 w 1 wwwwwww i w 

CGGGGCCTCACACGCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6250 


CAGGI 1 1 MAbtbToTG 


6251 


CACACCCTAAAAACCTG 


6252 


Waxy starch 
GBSS 

Mcum aesMm 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGdCCCGIAGCAACAAAGCCGGAAAGCGCACCG 

CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6253 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TnrCCGGCnTGTTGCTACGGGGCGGCGCTCGCTGCGGTAGTCC 
TCATGCCGAGCGGCGCATCTGCCGGGCTCCGGGG 


6254 


CCGCCCCGIAGCAACAA 


6255 


TTGnGCTACGGGGCGG 


6256 
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Waxv starch 

V V H/vy w km wit 

GBSS 

Triticum aestivum 

Gln53Term 

CM-TAA 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGCCGCCCCGMGTMCAMGCCGGAMGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6257 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCTTTGnACnCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6258 


CCCCGMGTMCAMGC 


6259 


GCTTTGTTACTTCGGGG 


6260 


Waxv ^tarrh 

VVaAy OlCUvll 

GBSS 

Triticum aestiwm 

Gln54Term 

CM-TM 


AGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCGGAGCGA 
GCGCCGCCCCGMGCMTAMGCCGGAMGCGCACCGGGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6261 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCnTCCGGCTiTATTGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6262 


CGMGCMTAMGCCGG 


6263 


CCGGCTTTATTGCTTCG 


6264 


\A/aYV ctarch 

GBSS 

Triticum durum 

Gln28Term 

CAG-TAG 


rARnTClGCCACnTCCGGCACCGTCCTCGGCATCACCGACAGGTr 
CCGGCGTGCAGGTTTCTAGGGCGTGAGGCCCCGGMCCCGGCG 
GATGCGGCCCTCGTCATGAGGACTATCGGAGCGA 


6265 


TCGCTCCGATAGTCCTCATGACGAGGGCCGCATCCGCCGGGTTC 
CGGGGCCTCACGCCCTAGAMCCTGCACGCCGGMCCTGTCGGT 
GATGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6266 


CAGGTTTCTAGGGCGTG 


6267 


CACGCCCTAGAAACCTG 


6268 


vvoAy oiciiuii 

GBSS 

Triticum durum 

Lys52Term 

MG-TAG 


CCCCGGAACCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGG 
AGCGAGCGGCGCCCCGTAGCAM6CCGGAMGCGCACCGGGGG 
AGCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6269 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCGGTG 
CGCTTTCCGGCTTTGCTACGGGGCGGCGCTCGCTCCGATAGTCC 
TCATGACGAGGGCCGCATCCGCCGGGnCCGGGG 


6270 


CCGCCCCGTAGCAMGC 


6271 


GCTTTGCTACGGGGCGG 


6272 


Waxy starch 

GBSS 

Triticum durum 

Gln53Term 

CM-TM 


CGGMCCCGGCGGATGCGGCCCTCGTCATGAGGACTATCGGAGC 
GAGCGCCGCCCCGMGTAMGCCGGAMGCGCACCGCGGGAGC 
CGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6273 


CCGTGGCGCGCACCACCATGGAGAGGCACCGCCGGCTCCCGCG 
GTGCGCnTCCGGCTnACTTCGGGGCGGCGCTCGCTCCGATAG 
TCCTCATGACGAGGGCCGCATCCGCCGGGTTCCG 


6274 
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CCCCGAAGTAAAGCCGG 


6275 


CCGGCTTTACTTCGGGG 


6276 


Waxy starch 
GBSS 

Triticum durum 

Lys56Term 

AAA-TAA 


GCGGATGCGGCCCTCGTCATGAGGACTATCGGAGCGAGCGCCGC 

CCCGAAGCAAAGCCGGTAAGCGCACCGCGGGAGCCGGCGGTGC 

CTCTCCATGGTGGTGCGCGCCACGGGCAGCGGCG 


6277 


CGCCGCTGCCCGTGGCGCGCACCACCATGGAGAGGCACCGCCG 

GCTCCCGCGGTGCGCTTACCGGCnTGCTrCGGGGCGGCGCTCG 

CTCCGATAGTCCTCATGACGAGGGCCGCATCCGC 


6278 


AAAGCCGGIAAGCGCAC 


6279 


GTGCGCnACCGGCTTT 


6280 


Waxy starch 
GBSS 

Triticum durum 

Cys64Term 

TGC-TGA 


TATCGGAGCGAGCGCCGCCCCGAAGCAAAGCCGGAAAGCGCACC 
GCGGGAGCCGGCGGTGACTCTCCATGGTGGTGCGCGCCACGGG 
CAGCGGCGGCATGAACCTCGTGTTCGTCGGCGCC 


6281 


GGCGCCGACGAACACGAGGTTCATGCCGCCGCTGCCCGTGGCG 

CGCACCACCATGGAGAGTCACCGCCGGCTGCCGCGGTGCGCTTT 

CCGGCTTTGCTTCGGGGCGGCGCTCGCTCCGATA 


6282 


CGGGGGTGACTCTCCAT 


6283 


ATGGAGAGICACCGCCG 


6284 


Waxy starch 
GBSS 

Triticum turgidum 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCGGCACCGTCCTCGGCATCACCGACAGGn 
CCGGCGTGCAGGI 1 1 1 TAGGGTGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTAGCGGAGCGA 


6285 


TCGGTCCGGTAGTCCTCATGCCGAGCGGCGGATCTGCCGGGCTC 
CGGGGCCTCACACCCTAAAAACCTGCACGCCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 


6286 


CAGGIIIIIAGGGIGIG 


6287 


CACACCCTAAAAACCTG 


6288 


Waxy starch 
GBSS 

Triticum turgidum 

Lys52Term 

AAG-TAG 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTACCG 
GAGCGAGCGCCGCCCCGIAGCAACAAAGCCGGAAAGCGCACCG 

CGGGACCCGGCGGTGCCTCTCCATGGTGGTGCGCG 


6289 


CGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
■nTCCGGCTTTGnGCTACGGGGCGGCGCTCGCTCCGGTAGTCC 
TCATGCCGA6CGGGGCATCTGCCGGGCTCCGGGG 


6290 


CCGCCCCGTAGCAACAA 


6291 


TTGnGCTACGGGGCGG 


6292 
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Waxy starch 
GBSS 

Triticum turgidum 

Gln53Term 

CAA-TAA 


CGGAGCCCG6CAGATGCGCCGCTCGGCATGAGGACTACCGGAG 
CGAGCGGCGCCCCGAAGTAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCCATGGTGGTGCGCGCCA 


6293 


TGGCGCGCACCACCATGGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTrTCCGGCTTTGTrACTTCGGGGCGGCGCTCGCTCCGGTAG 
TCCTCATGCCGAGCGGCGCATCTGCCGGGCTCCG 


6294 


r'PPPr* A A^iTA AP A A A^P 


6295 


GCTTTGnACnCGGGG 


6296 


Waxy starch 
GBSS 

M/cu/n tur^um 

Gln54Term 

CAA-TAA 


GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCCATGGTGGTGCGCGCCACGG 


6297 


GTGCGCnrCCGGCnTAnGCTTCGGGGCGGCGCTCGCTCCGG 
TAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6298 


r*/^ A A/^r* A ATA A A/^Pl^/^P^ 


6299 


CCGGCTTTAnGCnCG 


6300 


Waxy starch 

GBSS 

Triticum turgidum 

Lys57Term 

AAA-TAA 


rSAT^^PrSPPf^PTPfir^PATfiAfifiAPTAPrrifiAftPrtAf^PfiPPnPPP 

CGAAGCAACAAAGCCGGTAAGCGCACCGCGGGACCCGGCGGTG 
CCTCTCCATGGTGGTGCGCGCCACGGGCAGCGCCG 


6301 


GGTCCCGCGGTGCGCnACCGGCnTGTTGCnCGGGGCGGCGC 
TCGCTCCGGTAGTCCTCATGCCGAGCGGCGCATC 


6302 




6303 


GTGCGCTTACCGGCTTT 


6304 


Waxy starch 
GBSS 

Aegilops speltoides 

Gln28Term 

CAG-TAG 


PARPTPRPPAPPTPPfiPPAPPRTPPTPfinPATPAPPfiAPARfiTT 

CCGCCATGCAGGTTTCTAGGGCGTGAGGCCCCGGAGCCCGGCAG 
ATGCGCCGCTCGGCATGAGGACTGTCGGAGCGA 


6305 


TCGCTCCGACAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCTC 
CGGGGCCTCACGCCCTAGAAACCTGCATGGCGGAACCTGTCGGT 
GATGCCGAGGACGGTGGCGGAGGTGGCGAGCTG 


6306 


CAGGTTTCIAGGGCGTG 


6307 


CACGCCCTAGAAACCTG 


6308 


Waxy starch 
GBSS 

Aegilops speltoides 

Gly46Term 

GGA-TGA 


GGTTTCCAGGGCGTGAGGCCCCGGAGCCCGGCAGATGCGCCGC 
TCGGCATGAGGACTGTCTGAGCGAGCGCCGCCCCGAAGCAACAA 
AGCCGGAAAGCGCACCGCGGGACCCGGCGGTGCC 


6309 


GGCACCGCCGGGTCCCGCGGTGCGCnTCCGGCnTGTTGCnC 
GGGGCGGCGCTCGCTCAGACAGTCCTCATGCCGAGCGGCGCAT 
CTGCCGGGCTCCGGGGCCTCACGCCCTGGAAACC 


6310 



wo 01/92512 



-161- 



PCT/USOl/17672 









mm 














GGACTGTCIGAGCGAGC 


6311 






GCTCGCTCAGACAGTCC 


6312 




Waxy starch 
GBSS 

Aegilops speltoides 


CCCCGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCG 
GAGCGAGCGCCGCCCCGIAGCAACAAAGCCGGAAAGCGCACCG 
CGGGACCCGGCGGTGCCTCTCGATGGTGGTGCGCG 


6313 


5 


Lys52Term 
AAG-TAG 


CGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTGCGC 
TnCCGGCTTTGnGCTACGGGGCGGCGCTCGCTCCGACAGTCC 
TCATGCCGAGCGGCGCATGTGCCGGGGTCCGGGG 


6314 






CCGCCCCGTAGCAACAA 


6315 






TTGTTGCTACGGGGCGG 


6316 




Waxy starch 
GBSS 

Aegilops speltoides 


CGGAGCCCGGCAGATGCGCCGCTCGGCATGAGGACTGTCGGAG 
CGAGCGCCGCCCCGAAGIAACAAAGCCGGAAAGCGCACCGCGG 
GACCCGGCGGTGCCTCTCGATGGTGGTGCGCGCCA 


6317 


10 


Gln53Term 
CAA-TM 


TGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCGGTG 
CGCTTTCCGGCITTGnACnCGGGGCGGCGCTCGCTCCGACAG 
TCCTCATGCGGAGCGGCGCATCTGCCGGGCTCCG 


6318 






CCCCGAAGIAACAAAGC 


6319 






GCTTTGTTACTTCGGGG 


6320 




Waxy starch 
GBSS 

Aegilops speltoides 


AGCCCGGCAGATGCGCGGCTCGGCATGAGGACTGTGGGAGCGA 
GCGCCGCCCCGAAGCAATAAAGCCGGAAAGCGCACCGCGGGAC 
CCGGCGGTGCCTCTCGATGGTGGTGCGCGCCACCG 


6321 


15 


Gln54Term 
CAA-TAA 


CGGTGGCGCGCACCACCATCGAGAGGCACCGCCGGGTCCCGCG 
GTGCGCTTTCCGGCTtTATTGCnCGGGGCGGCGCTCGCTCCGA 
CAGTCCTCATGCCGAGCGGCGCATCTGCCGGGCT 


6322 






CGAAGCAAIAAAGCCGG 


6323 






CCGGCTTTAnGCnCG 


6324 




Waxy starch 
GBSS 

Oryzaglal)enima 


AGTGCAGAGATCnCCACAGCAACAGCTAGACAACCACCATGTCG 
GCTCTCACCACGTCCTAGGTCGCCACCTCGGCCACCGGCTTCGG 
CATCGCTGACAGGTCGGCGCCGTCGTCGCTGC 


6325 


20 


GInSTerm 
CAG-TAG 


GCAGCGACGACGGCGCCGACCTGTCAGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGAGATGGTG 
GTTGTCTAGCTGTTGCTGTGGAAGATCTCTGCACT 


6326 






CCACGTCCIAGCTCGCC 


6327 






GGCGAGCTAGGACGTGG 


6328 
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Waxy starch 
GBSS 

Oryza glaberrima 

Ser12Term 

TCG-TAG 


TCCACAGCAACAGCTA6ACAACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCTTCGGCATCGCTGACAGG 
TCGGCGCCGTCGTCGCTGCTCCGCCACGGGTT 


6329 


AACCCGTGGCGGAGCAGCGACGACGGCGCCGACCTGTCAGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGCTGGGACGTGGTGAGA 

GCCGACATGGTGGnGTCTAGCTGTTGCTGTGGA 


6330 


CGCCACCTAGGCCACCG 


6331 


CGGTGGCCIAGGTGGCG 


6332 


Waxy starch 
GBSS 

Oryza glaberrima 

Ser22Term 

TCG-TAG 


CGGCTCTCACCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTC 

GGCATCGCTGACAGGTAGGCGCCGTCGTCGCTGCTCCGCCACGG 

GnCCAGGGCCTCAAGCCCCGCAGCCCCGCCGG 


6333 


CCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACCCGTGGCGGA 
GCAGCGACGACGGCGCCTACCTGTCAGCGATGCCGAAGCCGGTG 
GCCGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6334 


TGACAGGTAGGCGCCGT 


6335 


ACGGCGCCIACCTGTCA 


6336 


Waxv starch 
GBSS 

Oryza glaberrima 
Ser25Term 
TCG-TAG . 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCT 

GACAGGTCGGCGCCGTAGTCGCTGCTCCGCCACGGGnCCAGG 

GCCTCAAGCCCCGCAGCCCCGCCGGCGGCGACGC 


6337 


GCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGAACC 

CGTGGCGGAGCAGCGACTACGGCGCCGACCTGTCAGCGATGCC 

GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6338 


GGCGCCGTAGTCGCTGC 


6339 


GCAGCGACIACGGCGCC 


6340 


Waxy starch 
GBSS 

Oryza glaberrima 

Ser26Term 

TCG-TAG 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTCGGCATCGCTGAC 
AGGTCGGCGCCGTCGTAGCTGCTCCGCCACGGGnCCAGGGCCT 
CAAGCCCCGCAGCCCCGCCGGC6GCGACGCGAC 


6341 


GTCGCGTCGCCGCCGGCGGGGCTGCGGGGCTTGAGGCCCTGGA 
ACCCGTGGCGGAGCAGCTACGACGGCGCCGACCTGTCAGCGATG 
CCGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6342 


GCCGTCGTAGCTGCTCC 


6343 


GGAGCAGCIACGACGGC 


6344 


Waxy starch 
GBSS 

Oryza sativa 

GlnSTerm 

CAG-TAG 


TCCACAGCAAGAGCTAAACAGCCGACCGTGTGCACCACCATGTCG 

GCTCTCACCACGTCCTAGCTCGCCACCTCGGCCACCGGCTTCGG 

CATCGCCGACAGGTCGGCGCCGTCGTCGCTGC 


6345 


GCAGCGACGACGGC6CCGACCT6TCGGCGATGCCGAAGCCGGT 
GGCCGAGGTGGCGAGCTAGGACGTGGTGAGAGCCGACATGGTG 
GTGCACACGGTCGGCTGTTTAGCTCnGCTGTGGA 


6346 
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mm. 




CCACGTCCIAGCTCGCC 


6347 


GGCGAGCTAGGACGTGG 


6348 


Waxy starch 
GBSS 

Oryza sativa 

Ser12Term 

TCG-TAG 


CTAAACAGCCGACCGTGTGCACCACCATGTCGGCTCTCACCACGT 
CCCAGCTCGCCACCTAGGCCACCGGCnCGGCATCGCCGACAGG 
TCGGCGCCGTCGTCGCTGCnCGCCACGGGn 


6349 


AACCCGTGGCGAAGCAGCGACGACGGCGCCGACCTGTCGGCGAT 

GCCGAAGCCGGTGGCCTAGGTGGCGAGGTGGGACGTGGTGAGA 

GCCGACATGGTGGTGCACACGGTCGGCTGTTTAG 


6350 


CGCCACCTAGGCCACCG 


6351 


CGGTGGCCIAGGTGGCG 


6352 


Waxy starch 
GBSS 

Oryza sativa 

Ser22Term 

TCG-TAG 


CGGCTCTCACGACGTCCCAGCTGGCCACCTCGGCCACCGGCTTC 

GGCATCGCCGACAGGTAGGCGCCGTCGTCGCTGCnCGCCACGG 

GTTCCAGGGCCTCAAGCCCCGTAGCCCAGCCGG 


6353 


CCGGCTGGGCTACGGGGCnGAGGCCCTGGAACCCGTGGCGAA 
GCAGCGACGACGGCGCCTACCTGTCGGCGATGCCGAAGCCGGT 
GGCGGAGGTGGCGAGCTGGGACGTGGTGAGAGCCG 


6354 


CGACAGGTAGGCGCCGT 


6355 


ACGGCGCCTACCTGTCG 


6356 


Waxy starch 
GBSS 

Oryza sativa 

Ser25Term 

TCG-TAG 


CCACGTCCCAGCTCGCCACCTCGGCCACCGGCnCGGCATCGCC 
GACAGGTCGGCGCCGTAGTCGCTGCnCGCCACGGGTTCCAGGG 
CCTCAAGCCCCGTAGCCCAGCCGGCGGGGACGC 


6357 


GCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAACC 
CGTGGCGAAGCAGCGACTACGGCGCCGACCTGTCGGCGATGCC 
GAAGCCGGTGGCCGAGGTGGCGAGCTGGGACGTGG 


6358 


GGCGCCGTAGTCGCTGC 


6359 


GCAGCGACIACGGCGCC 


6360 


Waxy starch 
GBSS 

Oryza sativa 

Ser26Term 

TCG-TAG 


CGTCCCAGCTCGCCACCTCGGCCACCGGCTTGGGCATCGCCGAC 
AGGTCGGCGCCGTCGTAGCTGCTTCGCCACGGGnCCAGGGCCT 
CAAGGCCCGTAGCCCAGCGGGCGGGGACGCATC 


6361 


GATGCGTCCCCGCCGGCTGGGCTACGGGGCTTGAGGCCCTGGAA 
CCCGTGGCGAAGCAGCTACGACGGCGCCGACCTGTCGGCGATGC 
CGAAGCCGGTGGCCGAGGTGGCGAGCTGGGACG 


6362 


GCCGTCGTAGCTGCnC 


6363 


GAAGCAGCIACGACG6C 


6364 
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SEQID 


Waxv starch 
GBSS 

Hordeum vulgare 

GInSTerm 

CAG-TAG 


GTCTCTCACTGCAGGTAGCCACACCCTGTGCGCG6CGCCATGGC 
GGCTCTGGCCACGTCCTAGCTCGCCACCTCCGGCACCGTCCTCG 
GCGTCACCGACAGAnCCGGCGTCCAGGTnTC 


6365 


GAAAACCTGGACGCCGGAATCTGTCGGTGACGCCGAGGACGGTG 
CCGGAGGTGGCGAGCTAGGACGTGGCCAGAGCCGCCATGGCGC 
CGCGCACAGGGTGTGGCTACCTGCAGTGAGAGAC 


6366 


CCACGTCCTAGCTCGCC 


6367 


GGCGAGCTAGGACGTGG 


6368 


Waxv starch 
GBSS 

Hordeum vulgare 

Arg21Tenm 

AGA-TGA 


ATGGCGGCTCTGGCCACGTCCCAGCTCGCCACCTCCGGCACCGT 
CCTCGGCGTCACCGACTGATTCCGGCGTCCAGGTTnCAGGGCCT 
CAGGCCCCGGAACCCGGCGGATGCGGCGCnG 


6369 


CAAGCGCCGCATCCGCCGGGTTCCGGGGCCTGAGGCCCTGAAAA 

CCTGGACGCCGGAATCAGTCGGTGACGCCGAGGACGGTGCCGG 

AGGTGGCGAGCTGGGACGTGGCCAGAGCCGCCAT 


6370 


TCACCGACTGATTCCGG 


6171 


CCGGAATCAGTCGGTGA 




Wayv ^arch 

vvciAjf oiaiwii 

GBSS 

Hordeum vulgare 

Gln28Term 

CAG-TAG 


CAGCTCGCCACCTCCRGCACCGTCCTCRGnRTnAnnGACAfiATT 
CCGGCGTCCAGGI 1 1 1 TAGGGCCTCAGGCCCCGGAACCCGGCGG 
ATGGGGCGCnGGTATGAGGACTATCGGAGCAA 




TTGCTCCGATAGTCCTCATACCAAGCGCCGCATCCGCCGGGTTCC 

1 1 1 W w w/t 1 fW*l 1 WW 1 W/i 1 riWW/\/\WWWWWNJWii 1 WWWWWW WW 1 1 WW 

GGGGCCTGAGGCCCTAAAAACCTGGACGCCGGAATCTGTCGGTG 
ACGCCGAGGACGGTGCCGGAGGTGGCGAGCTG 


6374 


CAGGI 1 1 ITAGGGCCIC 


6375 


GAGGCCCTAAAAACCTG 


6376 


Waxv starch 
GBSS 

Hordeum vulgare 

Gly46Term 

GGA-TGA 


GGTTTTCAGGGCCTCAGGCCCCGGAACCCGRCGRATGnGGCGCT 

WW 1 1 1 1 Wr\WW WW W 1 W/^WWWWWW W W/u»WWW W WW W W' \ 1 wWWWWWW i 

TGGTATGAGGACTATCTGAGCAAGCGCCGCCCCGAAGCAAAGCC 
GGAAAGCGCACCGCGGGAGCCGGCGGTGCCTCT 


6377 


AGAGGCACCGCCGGCTCCCGCGGTGCGCTTTCCGGCTTTGCTTC 

/V^^/tw W^r»vW^^WW>J^^ W 1 WWW^^WWW 1 \J\^\J\J 1 1 1 WW^^x^W 1 1 1 1 1 \J 

GGGGCGGCGCnGCTCAGATAGTCCTCATACCAAGCGCCGCATC 
CGCCGGGTTCCGGGGGCTGAGGCCCTGAAAACC 


6378 


GGACTATCIGAGCAAGC 


6379 


GCTTGCTCAGATAGTCC 


6380 


Waxy starch 
GBSS 

Hordeum vulgare 

Lys52Term 

AAG-TAG 


CCCCGGAACCCGGCGGATGCGGCGCnGGTATGAGGACTATCGG 

AGCAAGCGCCGCCCCGTAGCAAAGCCGGAAAGCGCACCGCGGG 

AGCCGGCGGTGCCTCTCCGTGGTGGTGAGCGCCA 


6381 


TGGCGCTCACCACCACGGAGAG6CACCGCCGGCTCCCGCGGTG 
CGCTiTCCGGCTTTGCTACGGGGCGGCGCTTGCTCCGATAGTCC 
TCATACCAAGCGCCGCATCCGCCGGGnCCGGGG 


6382 
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CCGCCCCGIAGCAAAGC 


6383 


GCTTTGCTACGGGGCGG 


6384 


Waxy starch 
GBSS 
Zea mays 
GlnSTerm 
CAG-TAG 


ACGTCTTTTCTCTCTCTCCTACGCAGTGGAnAATCGGCATGGCGG 
CTCTGGCCACGTCGTAGCTCGTCGCAACGCGCGCCGGCCTGGGC 
GTCCCGGACGCGTCCACGHCCGCCGCGGCG 


6385 


CGCCGCGGCGGAACGTGGACGCGTCCGGGACGCCCAGGCCGGC 
GCGCGnGCGACGAGCTACGACGTGGCCAGAGCCGCCATGCCGA 
TTAATCCACTGCGTAGGAGAGAGAGAAAAGACGT 


6386 


CCACGTCGIAGCTCGTC 


6387 


GACGAGCTACGACGTGG 


6388 


Waxy starch 
GBSS 
Tea mays 
Gln30Term 
CAG-TAG 


GTCGCAACGCGCGCCGGCCTGGGCGTCCCGGACGCGTCCACGT 

TCCGCCGCGGCGCCGCGIAGGGCCTGAGGGGGGCCCGGGCGTC 

GGCGGCGGCGGACACGCTCAGCATGCGGACCAGCG 


6389 


CGCTGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGACGCCCG 

GGCCCCCCTCAGGCCCTACGCGGCGCCGCGGCGGAACGTGGAC 

GCGTCCGGGACGCCCAGGCCGGCGCGCGTTGCGAC 


6390 


GCGCCGCGIAGGGCCTG 


6391 


CAGGCCCTACGCGGCGC 


6392 


Waxy Starch 
GBSS 
Zea mays 
Ser38Term 
TCG-TAG 


TCCCGGACGCGTCCACGTTCCGCCGCGGCGCCGCGCAGGGCCT 

GAGGGGGGCCCGGGCGTAGGCGGCGGCGGACACGCTCAGCATG 

CGGACCAGCGCGCGCGCGGCGCCCAGGCACCAGCA 


6393 


TGCTGGTGCCTGGGCGCCGCGCGCGCGCTGGTCCGCATGCTGA 
GCGTGTCCGCCGCCGCCIACGCCCGGGCCCCCCTCAGGCCCTG 
CGCGGCGCCGCGGCGGAACGTGGACGCGTCCGGGA 


6394 


CCGGGCGTAGGCGGCGG 


6395 


CCGCCGCCIACGCCCGG 


6396 


Waxy starch 
GBSS 
Zea mays 
Ser57Term 
CAG-TAG 


GCGTCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGC 
GCGCGGCGCCCAGGCACTAGCAGCAGGCGCGCCGCGGGGGCA 

GGTTCCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCA 


6397 


TGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCCCC 
GCGGCGCGCCTGCTGCTAGTGCCTGGGCGCCGCGCGCGCGCTG 
GTCCGCATGCTGAGCGTGTCC6CCGCCGCCGACGC 


6398 


CCAGGCACIAGCAGCAG 


6399 


CTGCTGCTAGTGCCTGG 


6400 



wo 01/92512 



-166- 



PCT/USOl/17672 



hi Ait^stioa ' 




' mi 


Waxy starch 
GBSS 
Zea mays 
Gln58Term 
CAG-TAG 


TCGGCGGCGGCGGACACGCTCAGCATGCGGACCAGCGCGCGCG 
CGGCGCCCAGGCACCAGTAGCAG6CGCGCCGCGGGGGCAGGTT 
CCCGTCGCTCGTCGTGTGCGCCAGCGCCGGCATGA 


6401 


TCATGCCGGCGCTGGCGCACACGACGAGCGACGGGAACCTGCCC 
CCGCGGCGCGCCTGCTACTGGTGCCTGGGCGCCGGGCGCGCGC 
TGGTCCGCATGCTGAGCGTGTCCGCCGCCGCCGA 


6402 


GGCACCAGIAGCAGGCG 


6403 


CGCCTGCTACTGGTGCC 


^6404 
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Example 11 
Altering fatty acid content of plants 

Improved means to manipulate fatty acid compositions, from biosynthetic or natural plant 
sources, are needed. For example, oils containing reduced saturated ^tty acids are desired for dietary 
5 reasons and oils containing increased saturated fatty acids are also needed as alternatives to cuaent 
sources of highly saturated oil products, such as tropical oils or chemically hydrogenated oils. It would 
therefore be advantageous to influence directly the production and composition of fatty acids in crop plants. 

Higher plants synttiesize fatty acids, primarily palmitic, stearic and oleic acids, in ttie plastids 
(i.e., chloroplasts, proplastids, or other related organelles) as part of the Fatty Acid Synthase (FAS) complex. 
1 0 Fatty acid synthesis is the result of the three enzymatic activities: acyl-ACP elongase, acyl-ACP desaturase 
and acyl-ACP thioesterases specific for each of palmitoyi-, stearoyi- and oleoyl-ACP. 

A variety of enzymes have been identified ttiat influence ttie relative levels of saturated vs. 
unsaturated fatty acids in plants. For example, the enzymes stearoyl-acyl carrier protein (stearoyl-ACP) 
desaturase, oleoyi desaturase and linoleate desaturase produce unsaturated fatty acids from saturated 
1 5 precursors. Similarly, relative enzymatic activities of ttie various acyl-ACP thioesterases influences ttie 

relative acyl-chain composition of tt)e resultant fatty acids. Consequently a reduction or an increase of tt)e 
activity of ttiese enzymes can alter ttie properties of oils produced in a plant In fact, specific targeting of 
particular enzymatic activities can results in altered levels of particular fatty acids. 

The attached tables disclose exemplary oligonucleotides base sequences which can be 
20 used to generate site-specific mutations in plant genes encoding proteins involved in fatty acid biosyntiiesis. 



Table 22 

Oligonucleotides to produce plants with reduced palmltate 



25 



;PheHotyf)e,.G«ni^, ; 
r Alteratton . 




m 


Reduced palmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
SerSTemi 
TCG-TAG 


TTTGGTGGCAGTGTCTTTGAACGCTTCATCTCCTCGTCATGGTGGC 

CACCTCTGCTACGTAGTCAnCTTTCCTGTACCATCTTCTTCACn 

GATCCTAATGGAAAAGGCAATAAGAnGG 


6405 


CCAATCmTTGCCrnrCCATTAGGATCAAGTGAAGAAGATGGTA 
CAGGAAAGAATGACTACGTAGCAGAGGTGGCCACCATGACGAGG 
AGATGAAGCGnCAAAGACACTGCCACCAAA 


6406 
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TGCTACGTAGTCAnCT 


6407 


AGAATGACTACGTAGCA 


6408 


rxcUUOcU pdllllllclLu 

Acyl-ACP-thioesterase 
Arabidopsis fhaliana 
SerQTerm 
TCA-TGA 


fifiTfiRrARTfiTnTTTGAACGCTTCATCTCCTCGTCATGGTGGCCA 

CCTCTGCTACGTCGTGATTCTTTCCTGTACCATCTTCnCACTTGAT 

CCTAATGGAAAAGGCAATAAGAnGGGTC 


6409 


GACCCAATCTTATTGCCTTTTCCATTAGGATCAAGTGAAGAAGATG 

GTACAGGAAAGAATCACGACGTAGCAGAGGTGGCCACCATGACGA 

GGAGATGAAGCGTTCAAAGACACTGCCACC 


6410 


TAnRTrfiTGATTCTTTC 


6411 




6412 


Reduced oalmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
Ser17Term 
TCA-TGA 


ATCTCCTCGTCATGGTGGCCACCTCTGCTACGTCGTCATTCTTTCC 

TGTACCATCnCTTGACnGATCCTAATGGAAAAGGCAATAAGAn 

GGGTCTACGAATCnGCTGGACTCAATTC 


6413 


GAATTGAGTCCAGCAAGATTCGTAGACCCAATCTTATTGCCTnrC 
CAnAGGATCAAGTCAAGAAGATGGTACAGGAAAGAATGACGACG 
TAGCAGAGGTGGCCACCATGACGAGGAGAT 


6414 


ATCTTCTTGACTTGATC 


6415 


GATCAAGTCAAGAAGAT 


6416 


Reduced oalmitate 
Acyl-ACP-thioesterase 
Arabidopsis thaliana 
G!y22Term 
GGA-TGA 


GTGGCCACCTCTGCTACGTCGTCATTCTTTCCTGTACCATCTTCTT 
CACTTGATCCTAATTGAAAAGGCAATAAGATTGGGTCTACGAATCT 
TGCTGGACTCAAnCTGCACCTAACTCTG 


6417 


fAfiAGTTAfifiTGrARAATTGAGTCCAGCAAGATTCGTAGACCCAA 

TCTTAnGCCI 1 1 ICAATTAGGATCAAGTGAAGAAGATGGTACAGG 
AAAGAATGACGACGTAGCAGAGGTGGCCAC 


6418 


ATPPTAATTr^AAAAf^r^n 


6419 


/VN/v 1 j rrV^ A AT T Af AT 


6420 


Reduced oalmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
SerSTerm 
TCA-TGA 


GCTTGAAI I IGTGATCTGATTGGTTAATrGTGGCCACAATGGTTGC 

TACTGCCGCCACGTGATCAnCnrCCGTTGACnCCCCTTCTGGG 

GATGCCAAATCGGGCAATCCCGGAAAAGG 


6421 


CCTnTCCGGGAnGCCCGATITGGCATCCCCAGAAGGGGAAGTC 
AACGGAAAGAATGATCACGTGGCGGCAGTAGCAACCATTGTGGCC 
ACAATTAACCAATCAGATCACAAATTCAAGC 


6422 


CGCCACGTGATCAnCT 


6423 


AGAATGATfiACGTGGCG 


6424 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Ser9Term 
TCA-TGA 


TGAATnGTGATCTGATTGGTTAATTGTGGCCACAATGGTTGCTAC 

TGCCGCCACGTCATGAnCTTTCCGTTGACTrCCCCnCTGGGGAT 

GCCAAATCGGGCAATCCCGGAAAAGGGTC 


6425 


GACCCTTTTCCGGGATTGCCCGATTTGGCATCCCCAGAAGGGGAA 
GTCAACGGAAAGAATCATGACGTGGCGGCAGTAGCAACCAnGTG 
GCCACAAnAACCAATCAGATCACAAAnCA 


6426 


A P^TP ATC ATTP IMP 




GAAAGAATCATGACGTG 


6428 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Leu13Term 
HG-TAG 


CTGATTGGnAATTGTGGCCACAATGGnGCTACTGCCGCCACGT 
CATCATTCTTTCCGTAGACnCCCCTTCTGGGGATGCCAAATCGG 
GCAATCCCGGAAAAGGGTCGGTGAGTTTTGG 


6429 


CCAAAACTCACCGACCCTTTTCCGGGATrGCCCGATTTGGCATCC 
CCAGAAGGGGAAGTCTACGGAAAGAATGATGACGTGGCGGCAGT 
AGCAACCAnGTGGCCACAATTAACCAATCAG 


6430 


CmCCGTAGACTTCCC 


6431 


GGGAAGTCIACGGAAAG 


6432 


Reduced palmitate 
Acyl-ACP-thioesterase 
Garcinia mangostana 
Lys21Temi 
AAA-TAA 


ATfiftTTfinTArTRrrRnnACfiTCATnATTCTTTCCGTTGACTTCCC 
CTTCTGGGGATGCCTAATCGGGCAATCGCGGAAAAGGGTCGGTG 
AGI 1 1 IGGGTCAATGAAGTCGAAATCCGCGG 


6433 


rrfirfifiATTTrfiAfyrrnATTGACCCAAAACTCACCGACCCTTTTCC 

GGGATTGCCC6A1TAGGCATCCCCAGAAGGGGAAGTCAACGGAA 

AGAATGATGACGTGGGGGCAGTAGCAACGAT 


6434 


bboA 1 VsOOiAA 1 wuuLi 




GCCCGATTAGGCATCCC 


6436 


Reduced p^mltate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
SerSTerm 
TCG-TAG 


GGGATTTCAGCACGAAAnGAAG I TGnTT'l AAAAACCArGGTTGC 
TACTGCTGTGACATAG6CGI 1 1 1 1 CCCAGTCACTTCnCACCTGAC 
TCCTCTGACTCGAAAAACAAGAAGCTCGG 




CCGAGCnCTTGTmTCGAGTCAGAGGAGTCAGGTGAAGAAGTG 
ACTGGGAAAAACGCCTATGTCACAGCAGTAGCAACCATGGI 1 1 1 lA 
AAAACAACTTCAATTTCGTGCTGAAATCCC 


6438 


IGIGACAIAGGCGIIII 


6439 


AAAACGCCIATGTCACA 


6440 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser16Term 
TCA-TGA 


IGI 1 1 1 lAAAAACCAIGGI IGCIACIGCIGIGACAICGGCGI 1 1 1 1 

CCCAGTCACnCnGACCTGACTCCTCTGACTCGAAAAACAAGAAG 

CTCGGAAGCATCAAGTCGAAGCCATCGGT 


6441 


ACCGATGGCnCGACTTGAlGCI ICCGAGCI ICI IGI 1 1 1 ICGAGI 
CAGAGGAGTCAGGTCAAGAAGTGACTGGGAAAAACGCCGATGTCA 
CAGCAGTAGCAACCATGGI 1 1 1 lAAAAACA 


6442 
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CACnCTTGACCTGACT 


6443 


AGTCAGGTCAAGAAGTG 


6444 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Ser22Term 
TCG-TAG 


1 IGCIACIGCIGIGACAICGGCGI 1 1 1 ICCCAGICACI ICI iCACC 
TGACTCCTCTGACTAGAAAAACAAGAAGCTCGGAAGCATCAAGTC 
GAAGCCATCGGTTTCTTCTGGAAGnTGCA 


6445 


TGCAAACnCCAGAAGAAACCGATGGCnCGACTTGATGCTTCCGA 
GCnCTTGI 1 1 1 ICTAGTCAGAGGAGTCAGGTGAAGAAGTGACTGG 
GAAAAACGCCGATGTCACAGCAGTAGCAA 


6446 


CTCTGACTAGAAAAACA 


6447 


IGlllllCiAGIGAGAG • 


6448 


Reduced palmitate 
Acyl-ACP-thioesterase 
Gossypium hirsutum 
Lys23Term 
AAA-TAA 


GCTACTGCTGTGACATCGGCGTTTITCCCAGTCACTTCTTCACCTG 

ACTCCTCTGACTCGTAAAACAAGAAGCTCGGAAGCATCAAGTCGA 

AGCCATCGGTTTCTTCTGGAAGTTTGCAAG 


6449 


CTTGCAAACTTCCAGAAGAAACCGATGGCTTCGACTTGATGCTTCC 
GAGCTTCTTGI 1 1 lACGAGTCAGAGGAGTCAGGTGAAGAAGTGAC 
TGGGAAAAACGCCGATGTCACAGCAGTAGC 


6450 


CTGACTCGIAAAACAAG 


6451 


CI IGI 1 1 lACGAGlCAG 


6452 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Ser14Term 
TCG-TAG 


CTCCCGCTCGTTGAAAGACAATGGTGGCTACCGCTGCAAGCTCTG 
CAnCrrCCCCGTGTAGTCCCCGGTCACCTCCTCTAGACCAGGAA 
AGCCCGGAAATGGGTCATCGAGCTTCAGCCC 


6453 


GGGCTGAAGCTCGATGACCCATTTCCGGGCTTTCCTGGTCTAGAG 
GAGGTGACCGGGGACTACACGGGGAAGAATGCAGAGCTTGCAGC 
GGTAGCCACCAHGTCTTTCAACGAGCGGGAG 


6454 


CCCCGTGTAGTCCCCGG 


6455 


CCGGGGACIACACGGGG 


6456 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Arg21Tenn 
AGA-TGA 


ATGGTGGCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCC 
CCGGTCACCTCCTCTTGACCAGGAAAGCCCGGAAATGGGTCATCG 
AGCnCAGCCCCATCAAGCCCAAATTTGTCG 


6457 


CGACAAATTTGGGCnGATGGGGCTGAAGCTCGATGACCCATTTC 
CGGGCTTTCCTGGTCAAGAGGAGGTGACCGGGGACGACACGGG 
GAAGAATGCAGAGCHGCAGCGGTAGCCACCAT 


6458 


CCTCCTCTIGACCAGGA 


6459 


TCCTGGTCAAGAGGAGG 


6460 
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Reduced palmitate 

Acyl-ACP-thioesterase 
Clipped hookeriana 
Gly23Term 
GGA-TGA 


GCTACCGCTGCAAGCTCTGCATTCTTCCCCGTGTCGTCCCCGGTC 
ACCTCCTCTAGACCATGAAAGCCCGGAAATGGGTCATCGAGCnC 
AGCCCCATCAAGCCCAAATTTGTCGCCAATG 


6461 


CAnGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATGACC 

CATTTCCGGGCTTTCATGGTCTAGAGGAGGTGACCGGGGACGAC 

ACGGGGAAGAATGCAGAGCnGCAGCGGTAGC 


6462 


CTAGACCATCAAAGCCC 


6463 


GGGCTTTCATGGTCTAG 


6464 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys24Term 
AAG-TAG 


AGCGCTGCAAGCTCTGCAnCnCCCCGTGTCGTCCCCGGTCACC 
TCCTCTAGACCAGGATAGCCC6GAAATGGGTCATCGAGCTTCAGC 
CCCATCAAGCCCAAATTTGTCGCCAATGGCG 


6465 


CGCCATTGGCGACAAATTTGGGCTTGATGGGGCTGAAGCTCGATG 

ACCCATTTCCGGGCTATCCTGGTCTAGAG6AGGTGACCGGGGAC 

GACACGGGGAAGAATGCAGAGCTTGCAGCGGT 


6466 


GACCAGGAIAGCCCGGA 


6467 


TCCGGGCTATCCTGGTC 


6468 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolate 
Gly23Term 
GGA-TGA 


GCCACCGCTGCAAGnCTGCAl I'CnCCCCC i GCCGTCCCCGGAC 
ACCTCCTCTAGGCCGTGAAAGCTCGGAAATGGGTCATCGAGCTTG 
AGCCCCCTCAAGCCCAAATrTGTCGCCAATG 


6469 


CAnGGCGACAAATnGGGCTTGAGGGGGCTCAAGCTCGATGACC 
CATTTCCGAGCTrrCACGGCCTAGAGGAGGTGTCCGGGGACGGC 
AGGGGGAAGAATGCAGAACnGCAGCGGTGGC 


6470 


CTAGGCCGIGAAAGCTC 


6471 


GAGCTTTCACGGCCTAG 


6472 


PpHiirpri n?)lnnit?)tp 

Acyl-ACP-thioesterase 
Cuphea lanceolate 
Lys24Term 
AAG-TAG 


ACCGCTGCAAGTTCTGCATTCTTCGCCCTGCCGTCCCCGGACACC 
TCCTCTAGGCCGGGATAGCTCGGAAATGGGTCATCGAGCTTGAGC 
CCCCTCAAGCCCAAATrrGTCGCCAATGCCG 


6473 


CGGCATrGGCGACAAATTTGGGCTTGAGGGGGCTGAAGCTCGAT 

GACCCATTrCCGAGCTATCCCGGCCTAGAGGAGGTGTCCGGGGA 

CGGCAGGGGGAAGAATGGAGAAC7TGCAGCGGT 


6474 


GGCCGGGATAGCTCGGA 


6475 


TCCGAGCTATCCCGGCC 


6476 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Gly26Term 
GGA-TGA 


GCAAGTTCTGCAncnCCCCCTGCCGTCCCCGGACACCTCCTCT 
AGGCCGGGAAAGCTCTGAAATGGGTCATCGAGCTTGAGCCCCCT 
CAAGCCCAAAnTGTCGCCAATGCCGGGTTGA 


6477 


TCAACCCGGCATrGGCGACAAAnTGGGCTTGAGGGGGCTCAAGC 
TCGATGACCCATTTCAGAGCTTTCCCGGCCTAGAGGAGGTGTCCG 
GGGACGGGAGGGGGAAGAATGCAGAACTTGC 


6478 
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GAAAGCTCTGAAATGGG 


6479 


CCCATTTCAGAGCnTC 


6480 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea lanceolata 
Ser29Term 
TCA-TGA 


CATTCTTCCCCCTGCCGTCCCCGGACACCTCCTCTAGGCCGGGAA 
AGCTCGGAAATGGGTGATCGAGCTTGAGCCCCCTCAAGCCCAAAT 
TrGTCGCCAATGCCGGGTTGAAGGTrAAGGC 


6481 


GGGCTCAAGCTCGATCACCCATTrCCGAGCTTTCCCGGCCTAGAG 
GAGGTGTCCGGGGACGGCAGGGGGAAGAATG 




AAATRfiCTCiATPf^Ar^rT 

rWA 1 VJVJO 1 \Jr\ 1 V«/Or\Ovy 1 


o*^oo 


Ar^rTPr^ATPAPrPATTT 




Reduced oalmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
SerQTerm 
TCG-TAG 


CGTTrAAGTGGATCGGACATTTAAGTGTTTTAATCATGGTAGCTAT 
GAGTGCTACTGCGTAGCTGTTTCCGGTTTCTrCCCGAAAACCTCA 
CTCTGGAGCCAAGACATCTGATAAGCTTGG 




CCAAGCTTATCAGATGTCTTGGCTCCAGAGTGAGGTTTTGGGGAA 
GAAACCGGAAACAGCTACGGAGTAGCACTCATAGCTACCATGATT 
AAAACACTrAAATGTCCGATCCACTTAAACG 


6486 


TACTGCGTAGCTGrrTC 


6487 


GAAACAGCTACGCAGTA 


6488 


rxeQucea paimiiaie 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys17Term 
AAA-TAA 


A fyTfl\ 1 1 1 A ATP ATPOT A PPT ATP A PTPPT A PTPPPTPPPTPTTTP 

CGGTrTCnCCCCATAACGTCACTCTGGAGCCAAGACATCTGATAA 
GCTTGGAGGTGAACCAGGTAGTGnGCTG 


o4oy 


nARrAAPAfTArrTfiftTTrArrTr'fAAfiPTTATrAftATfiTPTTfiRr 

TCCAGAGTGAGGTTATGGGGAAGAAACCGGAAACAGCGACGCAG 
TAGCACTCATAGCTACCATGATTAAAACACT 




rTTPrrrATAArpTrAP 








Reduced Dalrriitatp 
Acyl-ACP-thioestsrase 
Helianthus annuus 
Gly21Term 
GGA-TGA 


ATGGTAGCTATGAGTGCTACTGCGTCGCTGTTTCCGGTTTCTTCCC 
CAAAACCTCACTCnGAGCCAAGACATCTGATAAGCTTGGAGGTGA 
ACCAGGTAGTGnGCTGTGCGCGGAATCA 




TGATTCCGCGCACAGCAACACTACCTGGTTCACCTCCAAGCTTATC 
AGATGTCTTGGCTCAAGAGTGAGGTTTTGGGGAAGAAACCGGAAA 
CAGCGAGGCAGTAGCACTCATAGCTACCAT 


6494 


CTCACTCTTGAGCCAAG 


6495 


CTTGGCTCAAGAGTGAG 


6496 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Helianthus annuus 
Lys23Term 
AAG-TAG 


GCTATGAGTGCTACTGCGTCGCTGTTTCCGGTnrCTTCCCCAAAAC 

CTCACTCTGGAGCCTAGACATCTGATAAGCnGGAGGTGAACGAG 

GTAGTGTTGCTGTGCGCGGAATCAAGACAA 


6497 


TTGTCTTGAnCCGCGCACAGCAACACTACCTGGTTCACCTCCAAG 
CTTATCAGATGTCTAGGCTCCAGAGTGAGGI 1 1 IGGGGAAGAAAC 
CGGAAACAGCGACGCAGTAGCACTCATAGC 


6498 


CTGGAGCCIAGACATCT 


6499 


AGATGTCTAGGCTCCAG 


6500 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea palustris 
Lys21Term 
AAA-TAA 


ATGGTGGCTGCTGCAGCAAG'I I CTGCATGCnCCCTGTrCCATCC 
CCAGGAGCCTCCCCTTAACCTGGGAAGnAGGCAACTGGTCATCG 
AGTTTGAGCCCnCCTTGAAGCCCAAGTCAA 


6501 


TTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATGACCAGTTGC 
CTAACnCCCAGGTTAAGGGGAGGCTCCTGGGGATGGAACAGGG 
AAGCATGCAGAACTTGCTGCAGCAGCCACCAT 


6502 


CCTCCCCTTAACCTGGG 


6503 


CCCAGGTTAAGGGGAGG 


6504 


rxcuuucu jjciMinLciLc 

Acyl-ACP-thioesterase 
Cuphea palustris 
Lys24Term 
AAG-TAG 


GCTGGAGCAAGTTCTGCATGCTTCCCTGTTCCATCCCCAGGAGCC 
TCCCCTAAACCTGGGIAGTTAGGCAACTGGTCATCGAGTTTGAGC 
CCTTCCnGAAGCCCAAGTCAATCCCCAATG 


6505 


CATTGGGGATTGACTTGGGCTTCAAGGAAGGGCTCAAACTCGATG 

ACCAGTTGCCTAACTACCCAGGTTTAGGGGAGGCTCCTGGGGATG 

GAACAGGGAAGCATGCAGAACHGCTGCAGC 


6506 


AACCTGGGIAGTTAGGC 


6507 


GCCTAACTACCCAGGTT 


6508 


Reduced palmitate 

Acyl-ACP-thioesterase 

Cupheapalustris 

Trp28Term 

TGG-TGA 


TGCATGCTTCCCTGnCCATCCCCAGGAGCCTCCCCTAAACCTGG 
GAAGnAGGCAACTGATCATCGAGTTTGAGCCCTTCCTTGAAGCC 
CAAGTCAATCCCCAATGGCGGATTTCAGGTT 


6509 


AACCTGAAATCCGCCATTGGGGATTGACnGGGCnCAAGGAAGG 
GCTCAAACTCGATGAICAGnGCCTAACnCCCAGGTTTAGGGGA 
GGCTCCTGGGGATGGAACAGG6AAGCATGCA 


6510 


GGCAACTGATCATCGAG 


6511 


CTCGATGAICAGTTGCC 


6512 


Reduced palmitate 

Acyl-ACP-thioesterase 

Cupheapalustris 

Ser29Term 

TCA-TGA 


CATGCTTCCCTGnCCATCCCCAGGAGCCTCCCCTAAACCTGGGA 
AGTTAGGCAACTGGTGATCGAGTTTGAGCCCnCCnGAAGCCCA 
AGTCAATCCCCAATGGCGGAnrCAGGTTAA 


6513 


nAACCTGAAATCCGCCATrGGGGATTGACTTGGGCTTCAAGGAA 
GGGCTCAAACTCGATCACCAGTTGCCTAAGTTCCCAGGTTTAGGG 
GAGGCTCCTGGGGATGGAACAGGGAAGCATG 


6514 
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SECtlD 
NO: 




CAACTGGTGATCGAGTT 


6515 


AACTCGATCACCAGTTG 


6516 


Reduced palmitate 
Acyl-AC P-thioesterase 
Cuphea hookeriana 
Lys21Term 
AAA-TM 


ATGGTGGCTGCCGCAGCAAGTTCTGCATTCTTCTCCG1TCCAACC 
CCGGGMTCTCCCCTTAACCCGGGAAGnCGGTMTGGTGGCTTT 
CAGGTTAAGGCAAACGCCAATGCCCATCCTA 


6517 


CGAACnCCCGGGnAAGGGGAGAnCCCGGGGTTGGAACGGAG 
AAGAATGCAGAACnGCTGCGGCAGCCACCAT 


6518 


TCTCCCCTTAACCCGGG 


6519 


CCCGGGTTAAGGGGAGA 


6520 


rvcuuucu pdiiiiildlc 

Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys24Term 
AAG-TAG 


GCCGCAGCAAGTTCTGCATTCTTCTCCGTTCCAACGCCGGGAATC 
TCCCCTAAACCCGGGTAGTTCGGTAATGGTGGCTrrCAGGnAAG 
GCAAACGCCAATGCCCATCCTAGTCTAAAGT 


OOZ 1 


AGl 1 lAGACTAGGATGGGCATTGGCGTTTGCGTTAACCTGAAAGCC 
ACCATTACCGAACTACCCGGGTTTAGGGGAGATTCCCGGGGTTGG 
AACGGAGAAGAATGCAGAACTTGCTGGGGC 


V04.4. 


AACCCGGGIAGnCGGT 




ACCGAACTACCCGGGTT 


6524 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Gln31Term 
CAG-TAG 


GGTAATGGTGGCTTTTAGGnAAGGCAAACGCCAATGCCCATCCT 
AGTCTAAAGTCTGGCAGCCTCGAGACTGAAG 


6525 


PTTPAftTPTrfiARfir'Tf^rTAfiAr'TTTAfiAr'TAfSfSATftftftPATTfir^ 

CGTTTGCCnAACCTAAAAGCCACCATTACCGAACTTCCCGGGTTT 
AGGGGAGAnCCCGGGGTTGGAACGGAGAA 


6526 


GTGGCTTTTAGGTTAAG 


6527 


CTrAACCTAAAAGCCAC 


6528 


Reduced palmitate 
Acyl-ACP-thioesterase 
Cuphea hookeriana 
Lys33Term 
AAG-TAG 


GTTCCAACCCCGGGAATCTCCCCTAAACCCGGGAAGTTCGGTAAT 
GGTGGCnTCAGGnTAGGCAAACGCCAATGCCCATCCTAGTCTA 
AAGTCTGGCAGCCTCGAGACTGAAGATGACA 


6529 


TGTGATGTTCAGTCTGGAGGCTGCCAGACTTTAGACTAGGATGGG 

CATTGGCGTrTGCCTAAACCTGAAAGCCACCATTACCGAACnCCC 

GGGTTTAGGGGAGATTCCCGGGGnGGAAC 


6530 


TTCAGGniAGGCAAAC 


6531 


GTTTGCCTAAACCTGAA 


6532 
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Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Gln21Term 
CAArTAA 


ATGl TGAAGCTCTCGTGTAATGCGACTGATAAGTTACAGACCCTC 1 
TCTCGCAnCTCATTAACCGGATCCGGCACACCGGAGAACCGTCT 
CCTCCGTGTCGTGCTCTCATCTGAGGAAAC 


6533 


GTTTCCTCAGATGAGAGCACGACACGGAGGAGACGGTTCTCCGGT 
GTGCCGGATCCGGTTAATGAGAATGCGAGAAGAGGGTCTGTAACT 
TATCAGTCGCAnACACGAGAGCnCAACAT 


6534 


ATTCTCATIAACCGGAT 


6535 


ATCCGGTTAATGAGAAT 


6536 


RpHiirpri nplmitritp 
rxcuuocu |jaii iiiLciLc 

Acyl-ACP-thioesterase 
Brassicarapa 
Arg28Term 
AGA-TGA 


GCGACTGATAAGTTACAGACCCTCTTCTCGCATTCTCATCAACCGG 
ATCCGGCACACCGGTGAACCGTCTCCTCCGTGTCGTGCTCTCATC 
TGAGGAAACCGGnCTCGATCCTTTGCGAG 


6537 


CTCGCAAAGGATCGAGAACCGGTTTCCTCAGATGAGAGCACGACA 
CGGAGGAGACGGnCACCGGTGTGCCGGATCCGGTTGATGAGAA 
TGCGAGAAGAGGGTCTGTAACTTATCAGTCGC 


6538 


CACACCGGTGAACCGTC 


6539 


GACGGTTCACCGGTGTG 


6540 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica rapa 
Ser24Term 
TCG-TAG 


CCCTCnCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAA 
CCGTCTCCTCCGTGTAGTGCTCTCATCTGAGGAAACCGGTTCTCG 
ATCCnTGCGAGCGATCGTATCTGCTGATCA 


6541 


TGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGGTTTC 
CTCAGATGAGAGCACTACACGGAGGAGACGGTTCTCCGGTGTGC 
CGGATCCGGTTGATGAGAATGCGAGAAGAGGG 


6542 


CTCCGTGTAGTGCTCTC 


6543 


GAGAGCACIACACGGAG 


6544 


Reduced palmitate 
Acyl-ACP-thioesterase 
Bmssica rapa 
Cys25Term 
TGC-TGA 


CTTCTCGCATTCTCATCAACCGGATCCGGCACACCGGAGAACCGT 
CTCCTCCGTGTCGTGATCTCATCTGAGGAAACCGGTTCTCGATCC 
TTTGCGAGCGATCGTATCTGCTGATCAAGGA 


6545 


TCCTTGATCAGCAGATACGATCGCTCGCAAAGGATCGAGAACCGG 
TTTCCTCAGATGAGATCACGACACGGAGGAGACGGTTCTCCGGTG 
TGCCGGATCCGGnGATGAGAATGCGAGAAG 


6546 


GTGTCGTGATCTCATCT 


6547 


AGATGAGATCACGACAC 


6548 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Leu2Term 
TTG-TAG 


ATTCTTCTTCTATAAACCAAAACCTCAGGAACCATAAAAAAAAAAGG 

GCATCAAAAATGTAGAAGCTTTCGTGTAATGTGACTAACAACnAC 

ACACCnCTCCnCTTCTCCGAnCCTC 


6549 


GAGGAATCGGAGAAGAAGGAGAAGGTGTGTAAGTTGnAGTCACA 
TTACACGAAAGCnCTACAl 1 1 1 IGAIGCCCI 1 1 1 1 1 II 1 lATGGHC 
CTGAGGTnTGGTTTATAGAAGAAGAAT 


6550 
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AAAAATGTAGMGCTTT 


6551 


AMGCIICiACAIIIII 


6552 


RprliirpH nslinifsifo 
rxcuuirCU {JaiiiiiLaiC/ 

Acyl-ACP-thioesterase 
Brassica napus 
LysSTerm 
AAG-TAG 


T*/^' I " 1 "O'r'r/^T ATAAAO^AAAA /^/^TO A/^/^A AA>/^ATA A A A A A A A A K/^i^rs 

TCTTCTTCTATAMCCAAAACCTCAGGAACCATAAAAAAAAAAGGG 

CATCAAAAATGnGTAGCTTTCGTGTAATGTGACTAACAACrrACAC 

ACCnCTCCTTCTTCTCCGATrCCTCCC 




GGGAGGAATCGGAGAAGMGGAGAAGGTGTGTAAGTTGTTAGTCA 
CATTACACGAAAGGTACAACA) 1 1 1 IGAIGCCCI 1 1 1 1 1 1 ITTATGG 
nCCTGAGGl 1 1 IGGTTTATAGAAGAAGA 




AMTGnGIAGCTTTCG 




CGAAAGCTACAACATTT 


Do 90 


RGduced Dalrnitate 
Acyl-ACP-thioesterase 
Brassica napus 
SerSTerm 
TCG-TAG 


/^TATA A A^/^A A A A/^/^Tr» A^/^ A Ar*r»ATA AAAAAAAA A^/^^/^AXO A A A 

AATGTTGAAGCTTTAGTGTMTGTGACTAACAACnACACACCnCT 
CCTTCTTCTCCGAnCCTCCCTTTTCAT 


6557 

www f 


AT^A A A A/^^/^ A/^r* A hTC^f^f^hf^h AO A AOO AO A AOOTOTOTA A OTTO 

A 1 (jAAAAbooAobAA 1 OcoAoAAQjAACjlaAtiAAoo 1 o 1 b 1 AACa 1 To 
nAGTCACATTACACTAAAGCTTCAACAl 1 1 1 IGATGCCCI 1 1 1 1 1 1 1 
nATGGnCCTGAGGTnTGGTrTATAG 


6558 


GAAGCTTTAGTGTAATG 


6559 


CAnACACIAAAGCnC 


6560 


Reduced palmitate 
Acyl-ACP-thioesterase 
Brassica napus 
Cys6Term 
TGT-TGA 


AAACCAAAACCTCAGGAACCATAAAAAAAAAAGGGCATCAAAAATG 

nGAAGCTTTCGTGAMTGTGACTAACAACTTACACACCTTCTCCTT 

CTTCTCCGATTCCTCCCTTTTCATCCCG 


6561 


CGGGATGAAAAGGGAGGAATCGGAGAAGAAGGAGAAGGTGTGTA 
AGTTGTTAGTCACAnTCACGAAAGCnCAACAl 1 1 1 IGATGCCCTT 
IIIIIIIIAIGGIICCIGAGGIIIIGGnT 


6562 


CTTTCGTGAAATGTGAC 


6563 


GTCACATITCACGAAAG 


6564 
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Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Lys4Term 

AAG-TAG 


fi^^fiARAnrTnTAC^nTnTGTAGAAAAGAAGGATTCATTCATCATATC 
CAGAAATGGCTCTATAGTTTMCCCTTTGGTGGCATCTCAGCCnA 
CAAATTCCCTTCCTCGACTCGTCCGCCAA 


6565 


CCAAAGGGnAAACTATAGAGCCATTTCTGGATATGATGAATGAAT 
CCnCTTTTCTACAGAGCTAGAGCTCTCCC 




X/^^^TOT ATA /N 1 1 T A A/^ 

TGGCTCTATAGI 1 lAAu 


000/ 


GTTAAACTATAGAGCCA 


6568 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

LeuSTerm 

HG-TAG 


^T/^T/^T A/^AAAA^AA ATTP ATTP ATP AT ATPP Arf^ A A AT/^r'PTPT 

Lr 1 Lr 1 u i AbAAAAbAAbbAI 1 OA 1 1 UA 1 UA 1 A 1 LrUAvjAAA 1 bbu 1 U 1 

AAAGTTTAACCCTTAGGTGGCATCTCAGCCTTACAAATTCCCnCC 
TCGACTCGTCCGCCAACTCCTTCTTTCAG 


0009 


GGCTGAGATGCCACCTAAGGGTTAAACTTTAGAGCCATTTCTGGAT 
ATGATGAATGAATCCnCTTTTCTACAGAG 


OO/U 


TA APPr^TTAPr^TPPP AT 

1 AAUUU 1 1 Abb 1 bbuA 1 


00 f 1 


ATGCCACCTAAGGGnA 


6572 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Gln12Term 

CAG-TAG 


A r^ A A r^ ATTP ATTP ATP AT AJrr A n A A ATHf^ PTPT A A AGTTT A APP 

CnTGGTGGCATCTTAGCCTTACAAATTCCCTTCCTCGACTCGTCC 
GCCAACTCCTTCTTTCAGATCTCCCAAGT 


Uof 0 


Af^TTr5f5rJAr;ATr'Tr;AAAf;AAf3f!ArtTTfif5rRr;APRA<^TPr;Af?RAA 

GGGAATTTGTAAGGCTAAGATGCCACGAAAGGGTTAAACTTTAGAG 
CCATTTCTGGATATGATGAATGAATCCnCT 




TfifiCATrTTAGRniTAC 
1 vjvjwA 1 \j \ jAwvw 1 1 no 


6575 


GTAAGGCTAAGATGCCA 


6576 


Increased stearate 

stearoyl-ACP 

desaturase 

Arabidopsis thaliana 

Phe14Term 

TAC-TAG 


TCATTCATCATATCCAGAAATGGCTCTAAAGTrTAACGCTTTGGTG 

GCATCTCAGCCnAGAAAnCCCTTCCTCGACTCGTCCGCCAACTC 

CTTCTTTCAGATCTCCCAAGnCCTCTGC 


6577 


GCAGAGGAACTTGGGAGATCTGAAAGAAGGAGnGGCGGACGAG 
TCGAGGAAGGGAATrTCTAAGGCTGAGATGCCACCAAAGGGnAA 
ACnTAGAGCCATTTCTGGATATGATGAATGA 


6578 


CAGCCTTAGAAAnCCC 


6579 


GGGAATTTCTAAGGGTG 


6580 
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Increased stearate 

stearoyl-ACP 

desaturase 

Brassica napus 

LeuSTerm 

HG-TAG 


GAGAGCTCGCTCGTGTCTGAAAGAACATCAAACCTCC3TATCAAAAA 
AAAGAAAATGGCATAGAAGCnAACCCTTTGGCATCTCAGCCTTAC 
AAACTCCCTTCCTCGGCTCGTCCGCCAAT 


6581 


ATTGGCGGACGAGCCGAGGAAGGGAGTTTGTAAGGCTGAGATGC 
CAAAGGGnAAGCnCTATGCCATITTCI 1 1 II II IGATACGAGGTT 
TGATGTTCTTTCAGACACGAGCGAGCTCTC 


6582 


AATGGCATAGAAGCTTA 


6583 


TAAGCTTCIATGCCATT 


6584 


increasea stearaie 

stearoyl-ACP 

desaturase 

Brassica napus 

Lys4Term 

AAG-TAG 


p &.nnTnnr'Tnr'TOTnTn a a a rt^ a ap atp a a a optp^^t atp a a a a a a a 
AGAAAATGGCATTGTAGCnAACCCnTGGCATCTCAGCCTTACAA 
ACTCCCnCCTCGGCTCGTCCGCCAATCT 


Duos 


GCCAAAGGGnAAGCTACAATGCCATmCTTTTTITTGAU^ 
GTTTGATGnCTTTCAGACACGAGCGAGCTC 


U JOU 


Tdr^rATTr^TAdCTTAAC 
1 V3\3L»M 1 1 \JIJ.M\7v/ 1 1 fv\\J 




A riPT A P A AT/^PP A 
O 1 1 MMOU 1 MUM/A 1 OUUM 


Uv^OO 


Stearoyl-ACP 
desaturase 
Brassica napus 
LeuSTerm 
HG-TAG 


TCTGAAAGAACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATT 

GAAGCTTAACCCnAGGCATCTCAGCCTTACAAACTCCCTTCCTCG 

GCTCGTCCGCCAATCTCTACTCTCAGATC 


6589 


GATCTGAGAGTAGAGATTGGCGGACGAGCCGAGGAAGGGAGTTT 
GTAAGGCTGAGATGCCTAAGGGTTAAGCTTCAATGCCATTTTCnr 
II II IGATACGAGGTTTGATGTTCTTTCAGA 


6590 


TAACCCTTAGGCATCTC 


6591 


GAGATGCCTAAGGGTTA 


6592 


InnrPA^pd ^tparstp 

Stearoyl-ACP 

desaturase 

Brassica napus 

GInllTerm 

CAG-TAG 


AACATCAAACCTCGTATCAAAAAAAAGAAAATGGCATTGAAGCTTAA 
CCCTTTGGCATCnAGCCnACAAACTCCCnCCTCGGCTCGTCCG 
CCAATCTCTACTCTCAGATCTCCCAAGT 


6593 


AnTfin!f^AftATPTRAfiAf;TAr;ARATTf?f?rfifiArriAftr:rf?Af?fnAA 
GGGAGTTTGTAAGGCTAAGATGCCAAAGGGnAAGCTTCAATGCC 
ATTTTC 1 1 1 1 1 1 1 1 GATACGAGGTTTGATGn 




TGGCATCTTAGCCTTAC 


6595 


GTAAGGCTAAGATGCCA 


6596 


Increased stearate 

Stearoyl-ACP 

desaturase 

Ricinus communis 

Gln27Term 

CAA-TAA 


AACCAAAAGAAAAAGGTAAeAAAAAAAACAATGGCTCTCAAGCTCA 
ATCCTTTCCTTTCTTAAACCCAAAAGTTACCnCTTTCGCTCTTCCA 
CCAATGGCCAGTACCAGATCTCCTAAGT 


6597 


ACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGAAAGAAG 
GTAACI 1 1 IGGGTTrAAGAAAGGAAAGGATTGAGCTTGAGAGCCAT 
TGI 1 1 1 1 1 1 ICTTACC 11 1 1 1 CnTTGGn 


6598 
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TCCnrCTTAAACCCAA 


6599 


TTGGGTTTAAGAAAGGA 


6600 


liiUicciocU olcdialc 

stearoyl-ACP 
desaturase 
Ricinus communis 
Gln29Term 
CAA-TAA 


AAfiAAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTT 
TCCTrTCTCAAACCTAAAAGTTACCTTCTnrCGCTCTTCCACCAATG 
GCCAGTACCAGATCTCCTAAGTTCTACA 


6601 


TGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAGCGA 
AAGAAGGTAACTnTAGGTTTGAGAAAGGAAAGGATTGAGCnGAG 
AGCCATTGI 1 1 1 1 1 1 1 CTTACCTTTTTCTT 


6602 


CTCAAACCTAAAAGTTA 


6603 




6604 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

LysSOTerm 

AAG-TAG 


AAAAAGGTAAGAAAAAAAACAATGGCTCTCAAGCTCAATCCTTTCC 
nTCTCAAACCCAATAGnACCnClTTCGCTCnCCACCAATGGC 
CAGTACCAGATCTCCTAAGnCTACATGG 


6605 


CCATGTAGAACTTAGGAGATCTGGTACTGGCCATTGGTGGAAGAG 
CGAAAGAAGGTAACTAnGGGITTGAGAAAGGAAAGGATTGAGCT 
TGAGAGCCATTGI 1 1 1 1 1 1 1 CTTACCTmT 


6606 


AAACCCAAIAGTTACCT 


6607 


AGGTAACTATTGGGnT 


6608 


Increased stearate 

stearoyl-ACP 

desaturase 

Ricinus communis 

Lys46Term 

AAG-TAG 


TCTGAAACCCAAAAGTTACCTTCnTCGCTCTTCCACCAATGGCCA 
GTACCAGATCTCCnAGnCTACATGGCCTCTACCCTCAAGTCTGG 
TTCTAAGGAAGTTGAGAATCTCAAGAAGC 


6609 


GCTTCTTGAGATTCTCAACTTCCTTAGAACCAGACTTGAGGGTAGA 
GGCCATGTAGAACTAAGGAGATCTGGTACTGGCCATTGGTGGAAG 
AGCGAAAGAAGGTAACI 1 1 IGGGTTTGAGA 


6610 


GATCTCCTTAGTTCTAC 

^ffi 1 w 1 ww 1 1 r\\j 1 1 w 1 / tw 


6611 


GTAGAACTAAGGAGATC 


6612 


Increased stearate 

stearoyl-ACP 

desaturase 

Glycine max 

GInllTerm 

CAA-TAA 


TCTTCTGATTCAI 1 lAAICI 1 lACICAICAAIGGCTCTGAGACTGAA 
CCCTATCGCCACCTAAACCnCTCCCTCCCCCAAATGGCCAGTCT 
CAGATCTGCCAGGnCCGCATGGCCTCTA 


6613 


TAGAGGCCATGCGGAACCTGGGAGATCTGAGAGTGGCCATrrGG 
GGGAGGGAGAAGGTTTAGGTGGGGATAGGGTTCAGTCTCAGAGC 
CATTGATGAGTAAAGATTAAATGAATCAGAAGA 


6614 


TCCCCACCIAAACCTTC 


6615 


GAAGGTTTAGGTGGGGA 


6616 
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SE9P 

...r. 


incr6aS6Q Slcdidlc 

stearoyl-ACP 
desaturase 
Glycine max 
GlnlTTerm 
CAA-TAA 


rTTTArTPATrAATttnrTrTfiARArTfiAAnCnTATnCCCACCCAAA 

CCTTCTCCCTCCCCTAAATGGCCAGTCTCAGATCTCCCAGGTTCC 

GCATGGCCTCTACCCTCCGCTCCGGTTCCA 


6617 


TGGAACCGGAGCGGAGGGTAGAGGCCATGCGGAACCTGGGAGAT 

CTGAGACTGGCCATTTAGGGGAGGGAGAAGGTTTGGGTGGGGAT 

AGGGTTCAGTCTCAGAGCCATTGATGAGTAAAG 


6618 


nnCTCCCniAAATSGCC 


6619 


r5finnATTTAr5rififiAGRG 


6620 


Increased stearate 

Stearoyl-ACP 

desaturase 

Glycine max 

Arg22Term 

AGA-TGA 


GCTCTGAGACTGAACCCTATCCCCACCCAAACCTTCTCCCTCCCC 
CAAATGGCCAGTCTCTGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGnCCAAAGAGGTTGAAAATA 


6621 


TATTTTCAACCTCTTTGGAACCGGAGCGGAGGGTAGAGGCCATGC 
GGAACCTGGGAGATCAGAGACTGGCCATTTGGGGGAGGGAGAAG 
GTTTGGGTGGGGATAGGGTTCAGTCTCAGAGC 


6622 


CCAGTCTCTGATCTCCC 


6623 


GGGAGATCAGAGACTGG 


6624 


Increased fitearate 

Stearoyl-ACP 

desaturase 

Glycine max 

Lys37Term 

AAA-TAA 


CAAATGGCCAGTCTCAGATCTCCCAGGTTCCGCATGGCCTCTACC 
CTCCGCTCCGGnCCTAAGAGGTTGAAAATAnAAGAAGCCATTCA 
CTCCTCCCAGAGAAGTGCATGTTCAAGTAA 


6625 


TTArTTftAArATGnAfnTnrnTfiRGAfiGAGTGAATGGCTTCTTAAT 

Al II ICAACCTCTTAGGAACCGGAGCGGAGGGTAGAGGCCATGCG 
GAACCTGGGAGATGTGAGACTGGCCATTTG 


6626 


PPGGTTrrTAAGAGGTT 


6627 


AAmnTTAGGAArnGG 


6628 


Increased stearate 

stearoyl-ACP 

desaturase 

Heliantbus annuus 

Gln11Term 

CAA-TAA 


CAACAAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCA 
ATACGGCGACGTrnAATCAGACCTGTACCGTTCATTCGCGTITCC 
TCAACCGAAACCTCTCAGATCTCCCAAAT 


6629 


ATTTGGGAGATCTGAGAGGTTTCGGTTGAGGAAACGCGAATGAAC 
GGTACAGGTCTGATTAAAACGTCGCCGTAnGATGCGAATCGCCA 
TTGnGATGTTGTTCnGTGTGTGCnGTTG 


6630 


CGACGTTTIAATCAGAC 


6631 


GTCTGAHAAAACGTCG 


6632 


Increased stearate 

stearoyl-ACP 

desaturase 

Heliantbus annuus 

Ser12Term 

TCA-TGA 


AAGCACACACAAGAACAACATCAACAATGGCGATTCGCATCAATAC 
GGCGACGTTrCAATGAGACCTGTACCGTTCAnCGCGTTTCCTCAA 
CCGAAACCTCTCAGATCTCCCAAATTCGC 


6633 


GCGAATITGGGAGATCTGAGAGGTTTCGGnGAGGAAACGCGAAT 
GAACGGTACAGGTCTCATTGAAACGTCGCCGTAnGATGCGAATC 
GCCATTGTTGATGTTGTTCTTGTGTGTGCn 


6634 
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GTTTCAATGAGACCTGT 


6635 


ACAGGTCTCATTGAAAC 


6636 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Tyr15Term 

TAC-TAG 


AAGMCAACATCAACAATGGCGATTCGCATCAATACGGCGACGnT 
CAATCAGACCTGTAGCGnCATTCGCGTTTCCTCAACCGAAACCTC 
TCAGATCTCCCAAAnCGCCATGGCnCC 


6637 


GGAAGCGATGGCGAATTTGGGAGATCTGAGAGGTTTCGGTTGAGG 

AAACGCGAATGAACGCTACAGGTCTGAnGAAACGTCGCCGTAn 

GATGCGAATCGCCATTGnGATGTTGnCTT 


6638 


GACCTGTAGCGnCATT 


6639 


AATGAACGCTACAGGTC 


6640 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

SerlTTerm 

TCA-TGA 


CAACATCAACAATGGCGATTCGCATCAATACGGCGACGTTTCAATC 
AGACCTGTACGGTrGAnCGCGTTTCCTCAAGCGAAACCTCTCAGA 
TCTCCCAAATTCGCCATGGCTTCCACCAT 


6641 


ATRRTRRAAGCnATGGCGAATTTGGGAGATCTGAGAGGTTTCGGT 
TGAGGAAACGCGAATCAAGGGTACAGGTCTGAnGAAACGTCGCC 
GTAnGATGCGAATCGCCAnGTTGATGnG 


6642 




6643 


AfifiCGAATCAACGGTAC 


6644 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Arg4Tefm 

CGA-TGA 


ACACACAACACACACTCAATCACACACACATCA rCATCTTCnCA 1 C 
AACGATGGCGCniGAATGAGTCCGGTGACGCnCAACGGGAGAT 
ATATCCnCATACACTTrTCATCAATCGA 


6645 


TCGATTGATGAAAAGTGTATGAAGGATATATCTCCCGTTGAAGCGT 
CACCGGACTCAnCAAAGCGCCATCGTTGATGAAGAAGATGATGA 
TGTGTGTGTGATTGAGTGTGTGnGTGTGT 


6646 


TGGCGCTTIGAATGAGT 


6647 


ACTCATTCAAAGGGCCA 


6648 


Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

GInllTerm 

CAA-TAA 


ACACACACATCATCATCncnCATCAACGATGGCGCnCGAATGA 
GTCCGGTGACGCTnAACGGGAGATATATCCnCATACACTTTTCA 
TCAATCGAAAAATCTCAGATCTCCTAAAT 


6649 


ATTTAGGAGATCTGAGATTTTTCGAnGATGAAAAGTGTATGAAGG 
ATATATCTCCCGTrAAAGCGTCACCGGACTCATTCGAAGCGCCAT 
CGTTGATGAAGAAGATGATGATGTGTGTGT 


6650 


TGACGCTTIAACGGGAG 


6651 


CTCCCGTTAAAGCGTCA 


6652 
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Increased stearate 

stearoyl-ACP 

desaturase 

Helianthus annuus 

Glu13Term 

GAG-TAG 


TGACGCTTCAACGGTAGATATATCCTTCATACACmTCATCMTCG 
AAAAATCTCAGATCTCCTAAAnCGCGA 




TPriP^AATTTAntr^Ar^ATPT^A^A 1 1 11 1 r^^ATTOATOAA A A/^Tr^TA 

TGAAGGATATATCTACCGTTGAAGCGTCACCGGACTCAnCGAAG 
CGCCATCGnGATGAAGAAGATGATGATGT 


6654 


TTCAACGGTAGATATAT 




ATATATCTACCGTTGAA 


6656 


Increased stearate 

Stearoyl-ACP 

desaturase 

Helianthus annuus 

Tyr15Term 

TAT-TAG 


ATCnCTTCATCAACGATGGCGCnCGAATGAGTCCGGTGACGCTT 
CAACGGGAGATATAGCCTTCATACACTTTTCATCAATCGAAAAATCT 
CAGATCTCCTAAAnCGCGATGGCnCC 




GGAAGCCATCGCGAATTTAGGAGArCIUAUAl 1 1 1 ICGAI IGAIGA 

AAAGTGTATGAAGGCTATATCTGCGGTTGAAGCGTCACCGGACTC 

AnCGAAGCGCCATCGTTGATGAAGAAGAT 


DOOO 


GAGATATAGCCTTCATA 


t)059 


TATGAAGGCTATATCTC 


DboO 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usMissimum 

Lys4Term 

AAG-TAG 


AACTCAGCCAGCTTGCCCCCAAACAACAGCGCAG/ 
ACAACAATGGCTCTCTAGCTCAACCCAGTCACCAC 
CACGCTCCCTCAACAACnCTCCTCCAGAT 


TOACCTTCA 

cncccncAA 




ATCTGGAGGAGAAGTTGTTGAGGGAGCGTGTTGAAGGGAAGGTG 
GTGACTGGGTTGAGCTAGAGAGCCATTGnGTTGAAGGI 1 1 1 ICTG 
CGCTGnGTTTGGGGGCAAGCTGGGTGAGTT 




TGGCTCTCIAGCTCAAC 


6RR1 


GnGAGCTAGAGAGCCA 


6R64 


incredseo siearaie 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Ser13Temi 

TCA-TGA 


GCGGAGAAAAACCTTCAACAACAATGGCTCTCAAGCTCAACCCAG 

TCACGACCnCCCnGAACACGCTCGCTCAACAACTTCTCCTCCAG 

ATCTCCTCGCACCTTTCTCATGGCTGCnC 


6665 


GAAGCAGCGATGAGAAAGGTGCGAGGAGATCTGGAGGAGAAGn 
GTTGAGGGAGCGTGTrCAAGGGAAGGTGGTGAGTGGGnGAGCT 
TGAGAGCCATTGTTGTTGAAGGTnTTCTGCGC 


ObOD 


CTTCCCTTGAACACGCT 


DuOr 


AGCGTGnCAAGGGAAG 


6668 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Arg23Term 

AGA-TGA 


CTCAAGCTCAACCCAGTCACCACCTTCCCTTCAACACGCTCCCTC 
AACAACnCTCCTCCTGATCTCCTCGCACCTTTCTCATGGCTGCTT 
CCACTrrCAATTCCACCTCCACCAAGTAAG 


6669 


CTTACTTGGTGGAGGTGGAAnGAAAGTGGAAGCAGCGATGAGAA 
AGGTGCGAGGAGATCAGGAGGAGAAGTTGnGAGGGAGCGTGn 
GAAGGGAAGGTGGTGACTGGGTTGAGCTTGAG 


6670 
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TCTCCTCCTGATCTCCT 


6671 




AGGAGATCAGGAGGAGA 


6672 


Increased stearate 

stearoyl-ACP 

desaturase 

Linum usitatissimum 

Lys41Term 

AAG-TAG 


TCCTCCAGATCTCCTCGCACCTTTCTCATGGCTGCTrCCACTTTCA 
ATTCCACCTCCACCTAGTAAGCATCTCCTCCTCCTCGGAATCTCCG 
CCGATTTCI 1 1 lAAGCGAnGATCGTAGA 


6673 


TCTACGATCAATCGCTTAAAAGAAATCGGCGGAGATTCCGAGGAG 

GAGGAGATGCTTACTAGGTGGAGGTGGAAnGAAAGTGGAAGCAG 

CCATGAGAAAGGTGCGAGGAGATCTGGAGGA 


6674 


CCTCCACCTAGTAAGCA 


6675 


TGCTTACTAGGTGGAGG 


6676 


Increased stearate 

stearoyl-ACP 

desaturase 

Olea europaea 

Arg21Term 

AGA-TGA 


ATGGCACTGAAACnTGCTTTCCACCCCACAAGATGCCnCCTTCC 
CCGATGCTCGTATCTGATCTCACAGGGI 1 1 1 CATGGCnCAACTAT 
TCAnCTCCTTCTATGGAGGTCGGAAAAG 


6677 


CTTTTCCGACCTCCATAGAAGGAGAATGAATAGTTGAAGCCATGAA 
AACCCTGTGAGATCAGATACGAGCATCGGGGAAGGAAGGGATCTT 
GTGGGGTGGAAAGCAAAGTTTCAGTGCCAT 


6678 


CTCGTATCIGATCTCAC 


6679 


GTGAGATCAGATACGAG 


6680 


increaseu siearaie 

stearoyl-ACP 

desaturase 

Olea europaea 

Ser29Term 

TCA-TGA 


GGGTTTTCATGGCnGAACTAnCATTCTCCnCTATGGAGGTCGG 
AAAAGTTAAAAAGCCTTTCACGCCTCCACG 




CGTGGAGGCGTGAAAGGCTTnTAACTTTTCCGACCTCCATAGAAG 
GAGAATGAATAGnCAAGCCATGAAAACCCTGTGAGATCTGATACG 
AGCATCGGGGAAGGAAGGCATCTTGTGGG 


6682 


CATGGCTT6AACTATTC 


6683 


GAATARTTCAAGCCATG 


6684 


Increased stearate 

stearoyl-ACP 

desaturase 

Olea europaea 

Glu37Term 

GAG-TAG 


GATGCTCGTATCAGATCTCACAGGGTTTTCATGGCTTCAACTATTC 
ATTCTCCnCTATGTAGGTCGGAAAAGTTAAAAAGCCTTTCACGCC 
TCCACGAGAGGTACATGTTCAAGTAACCC 


6685 


GGGTTACTTGAACATGTACCTCTCGTGGAGGCGTGAAAGGCTmr 
AACmTCCGACCTACATAGAAGGAGAATGAATAGTTGAAGCCATG 
AAAACCCTGTGAGATCTGATACGAGCATC 


6686 


CnCTATGIAGGTCGGA 


6687 


TCCGACCTACATAGAAG 


6688 
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Increased stearate 

stearoyl-ACP 

desaturase 

O/ea europaea 

Gly39Term 

GGA-TGA 


CGTATCAGATCTCACAGGGTTTTCATfiftrTTrAArTATTPATTrTr 

CTTCTATGGAGGTCTGAAAAGTTAAAAAGCCTnCACGCCTCCACG 
AGAGGTACATGTTCAAGTAACCCATTCCT 




Arf^r^ AATnr^r^TTAPTT^A APAT^^TAPPTr^Tr^PTr^r^Arr^Pr^TOA A AP 
/\\jo/v\ 1 Vjoo 1 1 n\j \ \ lj/v\UM 1 V3 1 AUO 1 L 1 Ub 1 ooAbbUb 1 bAAAb 

GCI 1 1 1 lAACTTTTCAGACCTCCATAGAAGGAGAATGAATAGTTGA 
AGCCATGAAAACCCTGTGAGATCTGATACG 


bb90 


TdC^ A CLnTCTCl A A A A PTT 

1 bbAbb I UJ^bAAAAb 1 1 


6691 


A APTTTTP A P A PPTPP A 
MMU MM UAbAUU I UuA 


6692 


Innrpr)<;pr1 ^tpr^rptp 

II lUI wQOCU OlCCil aiw 

stearoyl-ACP 
desaturase 
Persea americana 
Lys4Term 
AAA-TAA 


1 1 1 1 1 ^nTT^TrrrrTrTt^rTrTPTPTPTPTATPA^^^^PAP/li" 

1 1 O 1 1 1 1 1 1 0 1 WW 1 wUwO 1 U 1 wO IVylUlwiwIwI/M wAbbV/AOw 

GAGAAATGGCACTGTAACTCAGTCCAGTCATGTTTCAATCTCAGAA 
GCTTCCATTTCnGCCTCCTATCCGCCTT 


Doyo 


TGAGTGGAeTGAGTTACAGTGCCATTTCTCCGTGCCTGATAGAGA 
GAGAGAGCAGAGGGGACGACAAAAACGA6AA 




TGGCACTGTAACTCAGT 

i WWW/»W 1 W 1 / m\W 1 W#\W 1 


ODyo 


ACTGAGTTAnAttTfiPrA 

nw 1 wrvv3 1 i £twr%w I w wwM 


DDyo 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Gln11Term 

CAA-TAA 


CTGGTCTCTCTGTCTATCAGGCACGGAGAAATGGCACTGAAACTC 

AGTCCAGTCATGTTTTAATCTCAGAAGCnCCATrTCTTGCCTCCTA 

TCCGCCTTCCAATCTCAGATCTCCGAGGG 


6697 


K/KAj 1 OboAoA 1 0 1 t>At»AI 1 oOjAAQjGCGGATAGGAGGCAAGAAAT 

GGAAGCTTCTGAGATTAAAACATGACTGGACTGAGTTTCAGTGCCA 

TTTCTCCGTGCCTGATAGAGAGAGAGAGCAG 


6698 


TP ATP 1 1 I TA ATPTPAP 

lUAIbl 1 MAAlUlLrAb 


6699 


PTPAPATTA A A AP ATPA 

LrlbAbAl lAAAALrAlbA 


6700 


InrrppQpH Qfppr^fp 
11 ivi caacu oiccii die 

stearoyl-ACP 
desaturase 
Persea americana 
Gln13Temi 
CAG-TAG 


TPTPTPTPT ATP Ar^r^ P AP^in A A A AT^rjP A PT<^ A A A PTP A PTPP A 
1 O 1 U 1 1 w 1 A 1 UMOOUMwOoMoMMM 1 ObwAw 1 OAAAU I UAb 1 L»oA 

GTCATGnTCAATCTTAGAAGCTTGCATTTCTrGCCTCCTATCCGC 
CTTC'CAATCTCAGATCTCCGAGGGTTTTCA 


D/Ul 


TGAAAACCCTCfiGAGATnTRARATTf5f5AAf?Rrf3f3ATAf5f5Ar3f5r'AA 

GAAATGGAAGCTTCTAAGATTGAAACATGACTGGACTGAGTrrCAG 
TGCCAnTCTCCGTGCGTGATAGAGAGAGA 


\JI\3C 


TTCAATCTTAGAAGCTT 




AAGCTTCTAAGATTGAA 


6704 


Increased stearate 

stearoyl-ACP 

desaturase 

Persea americana 

Lys14Temfi 

AAG-TAG 


CTCTCTATCAGGCACGGAGAAATGGCACTGAAACTCAGTCCAGTC 
ATGTrTCAATCTCAGTAGCTrCCATncnGCCTCCTATCCGCCnC 
CAATCTCAGATCTCCGAGGGI 1 MCATGG 


6705 


CCATGAAAACCCTCGGAGATCTGAGAnGGAAGGCGGATAGGAGG 
CAAGAAATGGAAGCTACTGAGATTGAAACATGACTGGACTGAGnT 
CAGTGGCATTTCTCCGTGCGTGATAGAGAG 


6706 



wo 01/92512 



PCTAJSOl/17672 



-185- 











MTCTCAGIAGCTTCCA 


6707 


TGGAAGCTACTGAQAn 


6708 


Increased stearate 

stearoyl-ACP 

desaturase 

Oryza zdi^m 

Tyr12Term 

TAC-TAG 


CCCCGAGATCTCGCTGCCGCTGCTCAI GGCG 1 1 CGCG6CGTCCC 
ACACCGCATCGCCGTAGTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGAAGATGGTGGCCATGGCC 


6709 


GGCCATGGCCACCATCnCGACATCCCATTGCTCCTCCTCTGCGC 
CACGCCGCCGCAGGACTACGGCGATGCGGTGTGGGACGCCGCG 
AACGCCATGAGCAGCGGCAGCGAGATCTCGGGG 


6710 


TCGCCGTAGTCCTGCGG 


6711 


CCGCAGGACTACGGCGA 


6712 


II lUI CCldwU OLCCii OxS 

Stearoyl-ACP 
desaturase 
0/yza saf/Va 
GInlQTerm 
CAG-TAG 


CTGCTCATGGCGTTCGCGGCGTCCCACACCGCATCGCCGTACTC 

CTGCGGCGGCGTGGCGTAGAGGAGGAGCAATGGGATGTCGAAGA 

TGGTGGCCATGGCCTCCACCATCAACAGGGTCA 


6713 


TGACCCTGTTGATGGTGGAGGCCATGGCCACCATCTTCGACATCC 
CATTGCTCCTCCTCTACGCCACGCCGCCGCAGGAGTACGGCGAT 
GCGGTGTGGGACGCCGCGAACGCCATGAGCAG 


6714 


GCGTGGCGIAGAGGAGG 


6715 


CCTCCTCTACGCCACGC 


6716 


Increased stearate 

stearoyl-ACP 

desaturase 

Ofyza safaVa 

Ser26Term 

TCG-TAG 


CCCACACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAG 
GAGGAGCAATGGGATGTAGAAGATGGTGGCCATGGCCTCCACCA 
TCAACAGGGTCAAGACTGCTAAGAAGCCCTACAC 


6717 


GTGTAGGGCTTCTTAGCAGTCTTGACCCTGTTGATGGTGGAGGCC 
ATGGCCACCATCnCTACATCCCATTGCTCCTCCTCTGCGCCACG 
CCGCCGCAGGAGTACGGCGATGCGGTGTGGG 


6716 


TGGGATGTAGAAGATGG 


6719 


CCATCnCIACATCCCA 


6720 


Increased stearate 

stearoyl-ACP 

desaturase 

0/yza ^dXm 

Lys27Term 

AAG-TAG 


CAGACCGCATCGCCGTACTCCTGCGGCGGCGTGGCGCAGAGGAG 
GAGCAATGGGATGTCGTAGATGGTGGCCATGGCCTCCACCATCAA 
CAGGGTCAAGACTGCTAAGAAGCCCTACACTC 


6721 


GAGTGTAGGGCnCTTAGCAGTCTTGACCCTGTTGATGGTGGAGG 
CCATGGCCACCATCTACGACATCCCATTGCTCCTCCTCTGCGCCA 
CGCCGGCGCAGGAGTACGGCGATGCGGTGTG 


6722 


GGATGTCGIAGATGGTG 


6723 


CAGCATCTACGACATCC 


6724 
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Incr6as6d stsaratG 

stearoyl-ACP 

desaturase 


TTCTCTCTCTAGGTTGAGCGGTTACCAACAGAAGCACTTAGGAGA 
GAGAAGCAATGGCGTAGAAGCTTCACCACACGGCCnCAATCCTT 
CCATGGCGGTTACCTCTTCGGGACTTCCTCG 


6725 


Simnfiondsid chinensis 

Leu3Term 

TTG-TAG 


CGAGGAAGTCCCGAAGAGGTAACCGCCATGGAAGGATTGAAGGC 
CGTGTGGTGAAGCTTdACGCCATTGCnCTCTCTCCTAAGTGCTT 
CTGTTGGTAACCGCTCAACCTAGAGAGAGAA 


6726 




AATGGCGTAGAAGCTTC 


6727 




GAAGCTTCTACGCCATT 


6728 


Increased stearate 

stearoyl-ACP 

desaturase 


u i 0 1 U 1 U 1 Aoo 1 1 bAvjubo 1 1 AUL/AAuAoAAbtrAU 1 1 AbbAuAoA 

GAAGCAATGGCGTTGTAGCTTCACCACACGGCCnCAATCCnCC 
ATGGCGGnACCTCTTCGGGACTTCCTCGAT 


R79Q 
0/ 


OifufnUnUQla {^fUfluilolo 

Lys4Term 
AAG-TAG 


GCCGTGTGGTGAAGCTACAACGCCATTGCTTCTCTCTCCTAAGTG 
C1TCTGTTGGTAACCGCTCAACCTAGAGAGAG . 


Of ou 






Of 0 1 




r^Tr* A A OPT A P A A Pr^PP A 

o 1 oAAbU 1 AuAAL/oUUA 


0/OZ 


Stearoyl-ACP 
desaturase 


AAfiCAATRRnRTTRAAGCTTCACCACACGGCCTTCAATCCTTCCAT 

GGCGGTTACCTCTTAGGGACnCCTCGATCGTATCACCTCAGATC 

TCACCGCGTiTTCATGGCnCTTCTACAAT 


6733 


SifYittiondsia chinBnsis 

Ser19Term 

TCG-TAG 


ATTGTAGAAGAAGCCATGAAAACGCGGTGAGATCTGAGGTGATAC 

GATCGAGGAAGTCCCTAAGAGGTAACCGCCATGGAAGGATTGAAG 

GCCGTGTGGTGAAGCnCAACGCCATTGCn 


6734 




TACCTCTTAGGGACTTC 


6735 




GAAGTCCCTAAGAGGTA 


6736 


lnnrp;3^pd ^tp^^r^^tp 

Stearoyl-ACP 
desaturase 


GCAATGGCGTTGAAGCTTCACCACACGGCCTTCAATCCTTCCATG 

GCGGnACCTCnCGTGACTTCCTCGATCGTATCACCTCAGATCTC 

ACCGCGTnTCATGGCTTCTTCTACAATTG 


6737 


Ciminnrir/oifl pfi/ripuc/c 
OUliniUIJUolCt Uf//fiGri/d/g 

Gly20Term 
GGA-TGA 


r A ATTr5TAr5 A Ar5 A Ar?Pr^ATr5 A A A Arf?r^f5ftT^^ AfiATrTf? Af^r^TfiAT 

ACGATCGAGGAAGTCACGAAGAGGTAACCGCCATGGAAGGATTGA 
AGGCCGTGTGGTGAAGCnCAACGCCAnGC 


0/ 00 




WW 1 w 1 1 wVSJj^wAw 1 1 WW 1 


673q 

Vlf WW 




AGGAAGTCACGAAGAGG 


6740 


Increased stearate 

stearoyl-ACP 

desaturase 


TGGCTCTGAATCTCAACCCCGTTTCCACACCATTTCAGTGICGICG 
ATTGCCGTCTTTCTGACCTCGTCAAACGCCTTCTCGCAGATCTCCC 
AAAnCTTCATGGCTTCCACTCTCAGCAG 


6741 


Spinacia oleracea 

Ser21Term 

TCA-TGA 


CTGCTGAGAGTGGAAGCCATGAAGAATTTGGGAGATCTGCGAGAA 
GGCGirrGACGAGGTCAGAAAGACGGCAATCGACGACACTGAAAT 
GGTGTGGAAACGGGGlTGAGAnCAGAGCCA 


6742 
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GTCTTTCTGACCTCGTC 


6743 


GACGAGGTCAGAAAGAC 


6744 


Stearoyl-ACP 
desaturase 
Spinacia oleracea 
Gln24Term 
CAA-TAA 


AATCTCAACCCCGTTTCCACACCATTTCAGTGTCGTCGATTGCCGT 

CTrTCTCACCTCGTTAMCGCCTTCTCGCAGATCTCCCAAATTCTT 

CATGGCnCCACTCTCAGCAGCTCTTCTC 


6745 


GAGAAGAGCTGCTGAGA6TGGAAGCCATGAAGAATTT6GGAGATC 

TGCGAGAAGGCGTTTAACGAGGTGAGAAAGACGGCAATCGACGA 

CACTGAAATGGTGTGGAAACGGGGTTGAGATT 


6746 


CACCTCGTTAAACGCCT 


6747 


AGGCGTTTAACGAGGTG 


6748 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Arg29Term 

AGA-TGA 


TCCACACCAnTCAGTGTCGTCGATTGCCGTCTrrCTCACCTCGTC 
AAACGGCnCTCGCTGATCTCCCAAATTCnCATGGCnCCACTCT 
CAGCAGCTCTTCTCCTAAGGAAGCGGAAA 


6749 


TTTCCGCnCCTTAGGAGAAGAGCTGCTGAGAGTGGAAGCCATGA 
AGAATTTGGGAGATCAGCGAGAAGGCGTTTGACGAGGTGAGAAAG 
ACGGCAATCGACGACACTGAAATGGTGTGGA 


6750 


CTTCTCGCIGATCTCCC 


6751 


GGGAGATCAGCGAGAAG 


6752 


Increased stearate 

stearoyl-ACP 

desaturase 

Spinacia oleracea 

Lys32Term 

AAA-TAA 


nTCAGTGTCGTCGAnGCCGTCTTTCTGACCTCGTCAAACGCCn 
CTCGCAGATCTCCCTAATrCTTCATGGCnCCACTCTCAGCAGCTC 
nCTCCTAAGGAAGCGGAAAGCCTGAAGA 


6753 


TCTTCAGGCTTTCGGCnCCTTAGGAGAAGAGCTGCTGAGAGTGG 
AAGCCATGAAGAAnAGGGAGATCTGCGAGAAGGCGITTGAGGAG 
GTGAGAAAGACGGCAATCGACGACACTGAAA 


6754 


GATCTCCCIAATTCTTC 


6755 


GAAGAATTAGGGAGATC 


6756 


Increased stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

LeulOTernn 

TTA-TGA 


AAATAGTCGAGGTGA 
CAATGGGGTGTCGK 
TCTTCAGCCAGATCf 


>W\A 

;aaa/) 

GAGC 


cagagcatcaacaatggcactgaatat 

iTCTCACAAAATGnACCATTTCCnGT 
GAGfTTTCAT 


6757 


ATGAAAACTCGCTCAGATCTGGCTGAAGAACAAGGAAATGGTAACA 
TTrTGTGAGATnTCACGACACCCCATTGATAnCAGTGCCAnGTT 
GATGCTCTGI 1 1 1 ICACCTCGACTATrT. 


6758 


GGTGTCGTGAAAATCTC 


6759 


GAGATTTTfiACGACACC 


6760 
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incredseci stearate 

stearoyl-ACP 

desaturase 

Solanum tuberosum 

LysllTerm 

AAA-TAA 


AXA/^XO/^A r*/^X/^ A AAA A/^A/^A/^/^ AT/^ A A/^ A AT"/^/^/^ A /^T*/^ A ATAT/^A 

ATAb 1 UbAbGTGAAAAAC.AGAGCATCAACAATGGCACTGAATATCA 
ATGGGGTGTCGTTATAATCTCACAAAATGTTACCATTTCCrTGnCT 
TCAGCCAGATCTGAGCGAGTTTTCATGG 


6761 


PP AT^ A A A A PTP^PTP A O ATPT/^/^PTP AAPAAPAAOr^AAA Tf^nT A 

ACATnTGTGAGATTATAACGACACCCCATTGATAnCAGTGCCATT 
GHGATGCTCTGI 1 1 1 1 CACCTCGACTAT 




TPTPPTTATA ATPTP AP 

1 o 1 Ob 1 1 AlAA 1 b 1 bAb 


C7CO 

6763 


PT/^ A ATT AT A A PP A P A 

bIbAbAI lAIAAbbAbA 


o7d4 


IlilflcabcU oLcdiaU? 

Stearoyl-ACP 
desaturase 
Solanum tuberosum 
Lys14Term 
AAA-TAA 


r^TQAAAAAPAf^AriPATPAAPAATPrjPAPT^AATATPAATr^OPPTPT 

CGTTAAAATCTCACTAAATGTTACCATTTCCTTGTTCTTCAGCCAGA 
TCTGAGCGAGI 1 1 1 CATGGCnCAACCA 


0/00 


GAAATGGTAACATTTAGTGAGAnTTAACGACACCCCATTGATATTC 
AGTGCCAnGTTGATGCTCTGI 1 1 1 ICAC 


0/ DO 


AATHTrAnTAAATCTTA 

Mr\ 1 \j \ wrtw_l/VV^ 1 O M M 


0/0/ 


TAAPATTTACTfiAf^ATT 


0/00 


1 1 lui upoc U oicdi ale 

stearoyl-ACP 
desaturase 
Solanum tuberosum 
Leu16Term 
TTA-TGA 


AfAftARfATPAAPAATf^riPAPTriAATATPAATrsrsriCTCTPr^TTAAA 
MvAOAOUA 1 \jnn\jnr\ 1 OOwMv 1 Onn 1 A 1 bAA 1 OOOO I 0 1 bO 1 1 AAA 

ATCTCACAAAATGTGACCAnrCCnGTTCTTCAGCCAGATCTGAG 
CGAGI 1 1 ICATGGCTTCAAGCATTCATCG 


A7AQ 
0/09 


uGA 1 GAA 1 GGTTGAAGOLATGAAAACTCGCTCAGATCTGGCTGAA 
GAACAAGGAAATGGTCACAnrrGTGAGAI 1 1 lAACGACACCCCAT 
TGATATTCAGTGCCATTGTTGATGCTCTGT 


6770 


/^A A A AT^T/^ AO/^A 1 1 1 r» 

bAAAAIblbAbbAI 1 lb 


6771 


OA A ATr^PTPA^A 1 i 1 1 

bAAA I bb 1 b AbA 1 II 1 b 


6772 


1 1 lui cdocU olcdl ale 

stearoyl-ACP 
desaturase 
Arachis tiypogaea 
Ser21Term 
TCA-TGA 


T(^<^rTrTfiArt(^PTCAAPPf ^ 1 Lki ^PP 1 U ^A^ ""LiXLLi^i 1 1 P 1 P 1 P" 

1 OOU 1 w 1 OAOOb 1 OAAUUw 1 AAUbb 1 1 bAbAoAAob 1 b 1 1 i b 1 b 1 b 

TCCTTCnCATCATGATCnCTTCnCTTCATCGTTCTCGCTTCCTC 
AAATGGCTAGCCTCAGATCTCCAAGGTT 


0/ 16 


AAnnTTRRARATrTRAfiRrTAfirPATTTRArifiAAfirriAfiAArrJAT 

GAAGAAGAAGAAGATCATGATGAAGAAGGAGAGAGAAAGAGCnC 
TGTGAAGGGnAGGGTTCAGCCTCAGAGCCA 


R77A 

0/ /*T 


TTCATCAT6ATCTTCTT 


U/ f \^ 


AAGAAGAT£ATGATGAA 


6776 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser26Term 

TCA-TGA 


ACCCTAACCCnCACAGAAGCTCnTCTCTCTCCnCTrCATCATCA 

TCnCnCncnGATCGnCTCGCTTCCTCAAATGGCTAGCCTCA 

GATCTCCAAGGTTCCGCATGGCCTCCAC 


6777 


GTGGAGGCCATGCGGAACCnGGAGATCTGAGGCTAGCCATTTGA 
GGAAGCGAGAACGATCAAGAAGAAGAAGATGATGATGAAGAAGGA 
GAGAGAAAGAGCnCTGTGAAGGGTTAGGGT 


6778 
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TTCTTCTTGATCGTTCT 


6779 




AGAACGATCAAGAAGAA 


6780 


Increased stearate 

stearoyl-ACP 

desaturase 

Arachis hypogaea 

Ser27Temi 

TCG-TAG 


CTAACCCnCACAGAAGCTCTTTCTCTCTCCnCTTCATCATCATCT 

TCTTCncnCATAGTTCTCGCnCCTCAAATGGCTAGCCTCAGAT 

CTCCAAGGnCCGCATGGCCTCCACCCT 


6781 


AGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCTAGCCAT 
nGAGGAAGCGAGAACWGAAGAAGAAGAAGATGATGATGAAGA 
AGGAGAGAGAAAGAGCTTCTGTGAAGGGTTAG 


6782 


TTCTTCATAGTTCTCGC 


6783 


GCGAGAACIATGAAGAA 


6784 


Increased stearate 

stearoyl-ACP 

desaturase 

AracWs ftypogaea 

Ser29Term 

TCG-TAG 


CTTCACAGAAGCTCTTTCTCTCTCCnCnCATCATCATCnCTTCT 
TCnCATCGHCTAGCTTCCTCAAATGGCTAGCCTCAGATCTCCAA 
GGTTCCGCATGGCCTCCACCCTCCGCAC 


6785 


GTGCGGAGGGTGGAGGCCATGCGGAACCTTGGAGATCTGAGGCT 
^GCCAmGAGGPAGCJAGPJKCGATGPAG/^G/mNKGATGklGA 
TGAAGAAGGAGAGAGAAAGAGCTTGTGTGAAG 


6786 


ATCGTTCTAGCTTCCTC 


6787 


GAGGAAGCTAGAACGAT 


6788 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossyphim hirsutum 

Leu3Term 

UG-TAG 


TWVGTTAAAAGCCGICCAAAACCCAAACCAGGAAAGGUAAAUtiAA 
AAGAAAAAATGGCnAGAATTTTAATGCCATCGCCTCGAAATCTCA 
GAAGCTCCCnGCTITGCTCTTCCACCAAA 


6789 


TTTGGTGGAAGAGCAAAGCAAGGGAGCnCTGAGATr ICGAGGCG 
ATGGCAnAAAAHCIAAGCCAl 1 1 1 1 1 CTTTTCGTTTGCCTTTCCT 
GGTTTGGGTnTGGACGGCTTTTAACTTT 


6790 


AATGCCTTAGAATTTTA 


6791 


TAAAATTCIAAGCCATT 


6792 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Serl-Temi 

TCG-TAG 


CCCAAACCAGGAAAGGCAAACGAAAAGAAAAAATGGCl I iGAAl 1 1 
TAATGCCATCGCCTAGAAATCTCAGAAGCTCCCTTGCTTTGCTCTT 
CCACCAAAGGCCACCCnAGATCTCCCAA 


6793 


TTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAGG 
GAGCTTCTGAGATnCIAGGCGATGGCAnAAAATTCAAAGCCATT 
TTTTCI 1 1 ICGnTGCCTnCCTGGTrTGGG 


6794 


CATCGCCTAGAAATCTC 


6795 


GAGATTTCIAGGCGATG 


6796 
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Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

LysHTerm 

AAA-TAA 


CAMCCAGGAAAGGCAMCGAAAAGAAAAAATGGCnTGAATTTTA 
ATGCCATCGCCTCGTAATCTCAGAAGCTCCCnGCTTTGCTCTTCC 
ACCAAAGGCCACCCnAGATCTCCCAAGT 


6797 


ACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAAAGCAAG 
GGAGCTTCTGAGAnACGAGGCGATGGCAnAAAAnCAAAGCCA 
1 1 1 1 1 1 C 1 1 1 1 CGTTTGCCTTTCCTGGTnrG 


6798 


TCGCCTCGIAATCTCAG 


6799 


CTGAGAnACGAGGCGA 


6800 


Increased stearate 

stearoyl-ACP 

desaturase 

Gossypium hirsutum 

Gln13Ternfi 

CAG-TAG 


AGGAAAGGCAAACGAAAAGAAAAAATGGCTTTGAATTTTAATGCCA 
TCGCCTCGAAATCnAGAAGCTCCCnGCTTTGCTCTTCCACCAAA 
GGCCACCCTTAGATCTCCCAAGTTrrCCA 


6801 


TGGAAAACTTGGGAGATCTAAGGGTGGCCTTTGGTGGAAGAGCAA 
AGCAAGGGAGCTrCTAAGATTTCGAGGCGATGGCAnAAAATTCAA 
AGCCAI 1 1 1 1 1 C 1 1 1 1 CGTrTGCCTTTCCT 


6802 


CGAAATCTTAGAAGCTC 


6803 


GAGCTTCTAAGATTTCG 


6804 
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Oligonucleotides to produce plants with reduced linolenic acid 



^ SvC^terafioIr' 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Ser4Term 
TCG-TAG 


MTAGAACGACAGAGACi 1 1 1 lUUIOI 1 1 1 CTTCTTGGGAAGAGGC 
TCCAATGGCGAGCTAGGTTTTATCAGAATGTGGTTTTAGACCTCTC 
CCCAGAnCTACCCTAAACACACAACCTC 


6805 


GAGGnGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTAAAACCA 
CATTCTGATAAAACCTAGCTCGCCAnGGAGCCTCTTCCCAAGAAG 
AAAAGAGGAAAAAGTCTCTGTCGnCTATT 


6806 


GGCGAGCIIGGIIIIAI 


6807 


ATAAAACCAAGCTCGCC 


6808 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis thaliana 
Leu6Term 
TTA-TGA 


ACGACAGAGACI 1 1 1 1 UC rCTTTTCncnGGGAAGAGGCTCCAAT 
AnCTACCCTAAACACACAACCTCmTGC 


6809 


GCAAAAGAGGTTGTGTGTTTAGGGTAGAATCTGGGGAGAGGTCTA 

AAACCACATTCTGATCAAACCGAGCTCGCCATTGGAGCCTCTTCC 

CAAGAAGAAAAGAGGAAAAAGTCTCTGTCGT 


6810 


CTCGGTITGATCAGAAT 


6811 


AHCTGATCAAACCGAG 


6812 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis tiraliana 
Ser7Term 
TCA-TGA 


AC AGAGAC 1 1 1 1 1 CC 1 U 1 1 1 1 C 1 1 C 1 1 GGGAAGAGGCTCCAAT6GC 
GAGCTCGGinTAIGAGAAIGIGGI 1 1 1 AGACCTCTCCCCAGATTC 
TACCCTAAACACACAACCTCI 1 1 IGCCTC 


6813 


GAGGCAAAAGAGGTTGTGTGTTTAGGGTAGAATGTGGGGAGAGGT 
CTAAAACCACATTCTCATAAAACCGAGCTCGCCAnGGAGCCTCn 
CCCAAGAAGAAAAGAGGAAAAAGTCTCTGT 


6814 


GGIIIIAIGAGAAIGIG 


6815 


CACAnCTCATAAAACC 


6816 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Arabidopsis tlialiana 
GluSTerm 
GAA-TAA 


AGAGAC 1 1 1 1 ICCICl 1 1 ICI ICI 1 GGGAAGAGGC rCCAATGGCGA 
GCTCGGI 1 1 lAICAiAAIGIGGI 1 riAGACCTCTCCCCAGAnCTA 
CCCTAAACACACAACGTCTnTGCCTCTA 


6817 


TAGAGGCAAAAGAGGnGTGTGTTTAGGGTAGAATCTGGGGAGAG 
GTCTAAAACCACATTATGATAAAACCGAGCTCGCCATTGGAGCCTC 
nCCCAAGAAGAAAAGAGGAAAAAGTCTCT 


6818 


IIIIAICAiAAIGrGGT 


6819 


ACCACAnATGATAAAA 


6820 
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SEQID 

Nu: 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
Leu4Temfi 
HG-TAG 


AGCAATGGCGAACTAGGTCTTATCCGAATGTGGCATMGACCTCT 
CCCCAGAATCTACACGACACCCAGATCCAC 


6821 


CATTCGGATAAGACCTAGnCGCCATTGCTAGAGCTCI i 1 IGCTCT 
CTCTCTCTCCCCAGAAGAAGAAGATGATGA 


6822 


GGCGAACTAGGTCHAT 


6823 


ATAAGACCTAGnCGCC 


6824 


lAcuuLcu iiriuicnu/ duiu 

omega-3 fatty acid 
desaturase 
Brassica juncea 
Leu6Term 
HA-TGA 


TCTTCTTCTTCTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAA 
TGGCGAACTTGGTCT6ATCCGAATGTGGCATAAGACCTCTCCCCA 
GAATCTACACCACACCCAGATCCACrrrCCT 


oozo 


AGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGGGAGAGGTCTT 
ATGCCACATTCGGATCAGACCAAGTTCGCCATTGCTAGAGCTCTTT 
TGCTCTCTCTCTCTCCCCAGAAGAAGAAGA 


6826 


CnGGTCTGATCCGAAT 




AnCGGATCAGACCAAG 




Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
GluBTerm 
GAA-TAA 


1 101 1 urbbouAbAuAbAbAoAbOAAAAGAbCTOTACaUMTbGC 

AACTTGGTCTTATCCTAATGTGGCATAAGACCTCTCCCCAGAATCT 

ACACCACACCCAGATCCACTTTCCTCTCCA 


6829 


X/^^A/^A/^/^A A A^TO^AT*^T/^/^/^T^T/^/**T/^TA/*»ATT^T/^r»/^/^A^A 

1 bbAoAovjAAAb 1 bbA 1 L. I bob 1 b 1 bb 1 b 1 AbA 1101 bbbbAbA 

GGTCTTATGCCACAnAGGATAAGACCAAGTTCGCCATTGCTAGAG 

CTCnTTGCTCTCTCTCTCTCCCCAGAAGAA 


6830 


TCTTATCCIAATGTGGC 


6831 


GGCACAnAGGATAAGA 


6832 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica juncea 
Cys9Term 
TGT-TGA 


CTGGGGAGAGAGAGAGAGCAAAAGAGCTCTAGCAATGGCGAACTT 

GGTCTTATCCGAATGAGGCATAAGACCTCTCCCCAGAATCTACAC 

CACACCCAGATCCACTTTCCTCTCCAACACC 


6833 


GGTGTTGGAGAGGAAAGTGGATCTGGGTGTGGTGTAGATTCTGGG 
GAGAGGTCTTATGCCTCATTCGGATAAGACCAAGnCGCCATTGCT 
AGAGCTCTTTTGCTCTCTCTGTCTCCCCAG 


UUvJt 


TCCGAATGAGGCATAAG 


6835 


CTTATGCCICAnCGGA 


6836 


Keduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
TrpSTerm 
TGG-TGA 


ATAACAGAATTGCl'GAAncnGCAl 1 1 1 lAGCI ICI'GGGI 1 1 ICAA 
TGGCTGCTGGTTGAGTATTATCAGAATGTGGTTTAAGGCCTCTCCC 
AAGAATCTACTCACGACCCAGAAnGGT 


6837 


ACCAATTCTGGGTCGTGAGTAGATTCnGGGAGAGGCCTTAAACC 
ACATTCTGATAATACTCAACCAGCAGCCATTGAAAACCCAGAAGCT 
AAAAATGCAAGAATrCAGCAATTCTGTTAT 


6838 
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GCTGGTTGAGTATTATC 


6839 


GATMTACICAACCAGC 


6840 


omega-3 fatty acid 
desaturase 
Ricinus communis 
LeuTTerm 
TTA-TGA 


AGAATTGCTGAATTCTTGCAI 1 1 1 rAGCITCTGGGTTTTCAATGGCT 
GCTGGTTGGGTATGATCAGAATGTGGnTAAGGCCTCTCCCAAGA 
ATCTACTCACGACCCAGAAnGGI 1 1 lAC 


6841 


GTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGCCTT 

AAACCACATTCTGATCATACCCAACCAGCAGCCATTGAAAACCCAG 

AAGCTAAAAATGCAAGAATTCAGCAATTCT 


6842 


TTGGGTATGATCAGAAT 

1 1 ^^^^^^ 1**1 * 1 l>^« W 1 1 


6843 


ATTCTGATCATACCCAA 


6844 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
SerSTerm 
TCA-TGA 


AI IGCIGAAI ICI IGCAI 1 1 1 lAGUI ICIGGGI 1 1 ICAAIGGCIGCI 
GGTTGGGTATTATGAGAATGTGGTTTAAGGCCTCTCCCAAGAATCT 
ACTCACGACCCAGAATTGGI 1 1 lACATC 


6845 


GATGTAAAACCAATTCTGGGTCGTGAGTAGATTCTTGGGAGAGGC 
CnAAACCACAnCTCATAATACCCAACCAGCAGCCAnGAAAACC 
CAGAAGCTAAAAATGCAAGAATTCAGCAAT 


6846 


GGTAHATGAGAATGIG 


6847 


CACAnCTCATAATACC 


6848 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Ricinus communis 
GluQTerm 
GAA-TAA 


IGCIGAAI ICI IGCAI 1 1 1 lAGCI 1 C 1 GGGTTnCAATGGCTGCTG 
GTrGGGTAnATCATAATGTGGTTTAAGGCCTCTCGCAAGAATCTA 
CTCACGACCCAGAAnGGI 1 1 lACATCGA 


6849 


TCGATGTAAAACGAATTCTGGGTCGTGAGTAGATTCTTGGGAGAG 

GCCnAAACCACAnATGATAATACCCAACCAGGAGCCATTGAAAA 

CCCAGAAGCTAAAAATGCAAGAATTCAGCA 


6850 


TATTATCATAATGTGGT 


6851 


ACCACATTATGATAATA 


6852 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Arg22Term 
AGA-TGA 


GCAAGI IGGGI 1 1 lAICAGAAIGTGGTCTTAGACCACTCCCAAGAA 
TCTACCCTAAGCCCTGAACTGGGGCAGCCACTTCTGCCTCCTCTC 
ACAnAAGTTGAGAATrTCACGTACAGATC 


6853 


GATCTGTACGTGAAATTCTCAACnAATGTGAGAGGAGGCAGAAGT 
GGCTGCCCCAGnCAGGGCTTAGGGTAGAnCTrGGGAGTGGTCT 
AAGACCACATTCTGATAAAACCCAACTTGC 


6854 


CTAAGCCCIGAACTGGG 


6855 


CCCAGTTGAGGGCTTAG 


6856 
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omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Lys34Term 
AAG-TAG 


GCCTCCTCTCACATTTAGnGAGAATTTCACGTACAGATCTGAGTG 
GnCTGCAAITTCTTTGTCTAATACTAATA 


bo57 


TATTAGTATTAfiAfiAAAftAAATTRrAftAArrAPTrAfiATr'TftTAm 

TGAAATTCTCAACTAAATGTGAGAGGAGGCAGAAGTGGCTGCCCC 
AGnCTGGGCTTAGGGTAGAnCTTGGGAG 


DOOo 




000^ 


TCTCAArTAAATfiTfiAn 


OOOU 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Leu35Term 
HG-TAG 


CAAGAATCTACCCTAAGCCCAGAACTGRGGCAGCCArTTrTPJPPT 
CCTCTCACATTAAGTAGAGAATTTCACGTACAGATCTGAGTGGTTC 
TGCAATTTCTTTGrCTAATACTAATAAAGA 


QOQ t 


TCTTTATTAGTATTAGACAAAGAAATTGCAGAACCACTCAGATCTRT 

AGGTGAAATTCTCTACTTAATGTGAGAGGAGGCAGAAGTGGCTGC 

CCCAGTrCTGGGCTTAGGGTAGAnCTTG 




CATTAAGTAGAGAATTT 


OODO 


AAATTCTCTACTTAATG 


Uou*r 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Nicotiana tabacum 
Arg36Term 
AGA-TGA 


AGAATCTACCCTAAGCCCAGAAPTfiRfittnAfiPPAPTTPTnPPTPP 

TCTCACATTAAGTTGTGAATTTCACGTACAGATCTGAGTGGTTCTG 
CAATTTCTTTGTCTAATACTAATAAAGAGA 


0000 


TPTPTTTATTACTATT Afi AP A A Ar5 A A ATTl^PAr^ A APP APTP A P ATr^T 

1 W 1 W 1 I I A 1 1 AV3 1 a 1 1 aV3AOAv\MOa/v\ 1 1 OUAOAALrLrAO | UaVjA I O 1 

GTACGTGAAAnCACAACnAATGTGAGAGGAGGCAGAAGTGGCT 
GCCCCAGTTCTGGGCnAGGGTAGATTCT 


ooob 


TTAA(^TTf^TriAATTTPA 

1 1 AAO I 1 O aA 1 I 1 \jr\ 


ood7 


TfiAAATTPAPAAPTTAA 
1 VJAAA 1 1 wMoaAw 1 1 Ma 


coco 

bobo 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Arg22Term 
AGA-TGA 


GCGAGTTGGGI 1 1 lArCAGAATGTGGTCTGAGfinrArTPPPrtXfTi^ 

1 1 WW 1 1 1 1 r* 1 Wf»\j/^r^ 1 w 1 WW 1 w 1 wAwwwwAw 1 wwwwAw w 

GTCTATCCTAAGCCATGAACTGGCCACCCTTTGTTGAATTCCAATC 
CCACAAAGCTGAGATmrCAAGAACAGATC 


000i7 


GATCTGTTCTTGAAAATCTCAGGTTTGTGGGATTGGAATTCAACAA 
AGGGTGGCCAGTrCATGGCnAGGATAGACCCTCGGGAGTGGCC 
TCAGACCACATTCTGATAAAACCCAACTCGC 


B87n 


CTAAGCCAIGAACTGGC 


6871 


GCCAGTTCATGGCnAG 


6872 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Leu27Term 
TTG-TAG 


CAGAATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAA 
GAACTGGCCACCCTTAGTTGAATTCCAATCCCAGAAAGCTGAGATT 
nCAAGAACAGATCTTGGAAATGGTTCTTC 


6873 


GAAGAACCATTTCCAAGATCTGncnGAAAATCTCAGCTTTGTGG 
GATrGGAATTCAACTAAGGGTGGCCAGTTCTTGGCnAGGATAGA 
CCCTCGGGAGTGGCCTCAGACCACAnCTG 


6874 
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CCACCCTTAGTTGAATT 


6875 


AATTCAACIAAGGGTGG 


6876 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Leu28Term 
HG-TAG 


AATGTGGTCTGAGGCCACTCCCGAGGGTCTATCCTAAGCCAAGAA 
CTGGCCACCCTTTGTAGAATTCCAATCCCACAAAGCTGAGATTTTC 
AAGAACAGATCTTGGAAATGGnCTTCATT 


6877 


AATGAAGAACCATTTCCAAGATCTGTTCTTGAAAATCTCAGCTTTGT 

GGGAnGGAATTCTACAAAGGGTGGCCAGTrCnGGCTTAGGATA 

GACCCTCGGGAGTGGCCTCAGACCACAn 


6878 


r*TTT/^T A A ATTP P A 
\j\Aj 1 1 1 o 1 MoAA 1 1 \j\jt\ 


6879 


TGGAATTCIACAAAGGG 


6880 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Sesamum indicum 
Lys34Temfi 
AAG-TAG 


r^Tor^pr* a ppptpt ATPr^T a a ^pr* a a a a rrr^r^C'r^ a r^r^r^ i 1 1 OTrr* 
O t OLrObAobo 1 U 1 A 1 1 AAoLrL/\AbAAU 1 ooOUAULrLi i M o 1 1 o 

AAnCCAATCCCACATAGCTGAGAI 1 1 1 CAAGAACAGATCnGGAA 

ATGGTTCTTCAnCTGTTTGTCGAGTGGGA 


6881 


1 t/UOAL. 1 HjAOAAAUAbAA 1 bAAbAAOOA 1 1 1 OOAAbA 1 U lb 1 1 U 1 

TGAAAATCTCAGCTATGTGGGATTGGAATTCAACAAAGGGTGGCC 
AGnCTTGGCTTAGGATAGACCCTCGGGAG 


6882 


ATCCCACAIAGCTGAGA 


6883 


TCTCAGCTATGTGGGAT 


6884 


Reduced linolenic acid 
omega-3 fatly acid 
desaturase 
Brassica napus 
Tyr3Term 
TAC-TAG 


CATCAGAGCGGCGATACCTAAGCATTGCTGGGTTAAGAATCCATG 
GAAGTCTATGAGTTAGGTCGTCAGAGAGCTAGCCATCGTGTTCGC 
ACTAGCTGCTGGAGCTGCnACCTCAACAAT 


6885 


ATTGTTGAGCarAAGCAGCTCCAGCAGCTAGTGCGAACACGATGGC 
TAGCTCTCTGACGACCTAACTCATAGACnCCATGGATTCTTAACC 
CAGCAATGCTTAGGTATCGCCGGTCTGATG 


6886 


ATGAGTTAGGTCGTCAG 


6887 


CTGAGGACCTAACTCAT 


6888 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Brassica napus 
ArgGTenm 
AGA-TGA 


GCGGCGATACCTAAGCAnGCTGGGTTAAGAATCCATGGAAGTCT 
ATGAGTTACGTCGTCTGAGAGCTAGCCATCGTGTTCGCACTAGCT 
GCTGGAGCTGCTTACCTCAACAAnGGCTTG 


6889 


CAAGCCAATTGnGAGGTAAGCAGCTCCAGCAGCTAGTGCGAACA 
CGATGGCTAGCTCTCAGACGACGTAACTCATAGACnCCATGGAT 
TCnAACCCAGCAATGCTTAGGTATCGCCGC 


6890 


ACGTCGTCIGAGAGCTA ' 


6891 


TAGCTCTCAGACGACGT j 


6892 
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Reducpd linolpniR aRiri 

1 %WUUWWVI IlllUlwlliv OwlU 

omega-3 fatty acid 
desaturase 


GCGATACCTAAGCATTGCTGGGTTAAGAATCCATGGAAGTCTATGA 

GnACGTCGTCAGATAGCTAGCCATCGTGTTCGCACTAGCTGCTG 

GAGCTGCnACCTCAACAATTGGCTTGTTT 


6893 


5 


BrStSSiCB HBDUS 

GluTTenm 
GAG-TAG 


AAACAAGCCAATTGTTGAGGTAAGCAGCTCCAGCAGCTAGTGCGA 

ACACGATGGCTAGCTATCTGACGACGTAACTCATAGACTTCCATG 

GATTCTTAACCCAGCAATGCnAGGTATCGC 


6894 






TCGTCAGATAGCTAGCC 


R895 






GGCTAGCTATCTGACGA 


6896 




PpHiirpH linnlpnir sriH 

omega-3 fatty acid 
desaturase 


TTCGCACTAGCTGCnGAGCTGCnACCTCAACAATTGGCTTGTTT 
GGCCTCTCTATTGGATTGCTCAAGGAACCA 






Diassica napus 

GlylTTerm 

GGA-TGA 


T/^r*TT/^/^TT/^ A A AT^^A ATA/^A/^Ar*^Or*A A AO A A/^r»/^A ATT/^TT 

GAGGTAAGCAGCTCAAGCAGCTAGTGCGAACACGATGGCTAGCT 
CTCTGACGACGTAACTCATAGACnCCATGG 


ooyo 






TAfaCTCaU 1 TuAoOTfaC/T 


conn 
Do99 






AGCAGCTCAAGCAGCTA 


6900 


15 


r\6QUV/c;U UilUlclllv/ dCiU 

omega-3 fatty acid 
desaturase 


TATACCCAAAGCCCTGAATAGGGTCTTCnCCGTrTGCGCCACCAA 
TTTAAATCTGAGAAGAATTTCACCnCAC 






Arg22Term 
AGA-TGA 


AGAAGACCCTATTCAGGGCTTTGGGTATAnCnGGTAGTGGTCTA 
AGACCACAnCTGATAGAACCCAACnGC 








nAAAfinCOTGAATARGR 








CCnTATTCAGGGCTTTR 


6Qn4 


20 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


T-y^/^T/^T" P A /> A A ^'1' A A A A A T A "P A AAA ^^^.^^ A A A T A 

TGGTCTTAGACCACTACCAAGAATATACCCAAAGCCCAGAATAGG 
GTCTTCTTCCGTTTGAGGCACCAATTTAAATCTGAGAAGAATTTCA 
CCTTCACCTATACGAACAGATCGGAATTGT 


6905 




oOlanUm lUuBrOSUrn 

Cys29Term 
TGC-TGA 


AO A ATTOOO ATOTOTXOOTAXAOOXO A AOOXO A A ATXOTXOTO AO A 

AOAAI lUL-uAIOIbl IL-blAIAbblCjAAotiloAAAl 101 lOIOAbA 
TTTAAATrGGTGGCTCAAACGGAAGAAGACCGTATTCTGGGCTTTG 
GGTATATTCTTGGTAGTGGTCTAAGACCA 


6906 






1 OOvj 1 1 1 bAoOOAOOAA 


byu/ 






TTGGTGGCICAAACGGA 


6908 


25 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 


CACTACCAAGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGT 

TTGCGCCACCAAnGAAATCTGAGAAGAATTTCACCTTCACCTATA 

CGAACAGATCGGAATTGnGGGCATTGAG 


6909 


30 


Solanum tuberosum 

Leu33Term 

TTA-TGA 


CTCAATGCCCAACAAnCCGATCTGTTCGTATAGGTGAAGGTGAAA 
TTCnCTCAGATTTCAATrGGTGGCGCAAACGGAAGAAGACCCTAT 
TCTGGGCnTGGGTATATTCTTGGTAGTG 


6910 
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\ mi 'i 




CACCAATTfiAAATCTGA 


6911 


TCAGATneAATTGGTG 


6912 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Solanum tuberosum 
Arg36Term 
AGA-TGA 


AGAATATACCCAAAGCCCAGAATAGGGTCTTCTTCCGnTGCGCCA 
CCAATTTAAATCTGTGAAGAATTTCACCnCACCTATACGAACAGAT 
CGGAATTGnGGGCATTGAGGGTAAGTG 


6913 


CACTTACCCTCAATGCCCAACAATTCCGATCTGnCGTATAGGTGA 
AGGTGAAATTCTTCACAGATTTAAATTGGTGGCGCAAACGGAAGAA 
GACCCTAnCTGGGCTTTGGGTATAnCT 


6914 


TAAATCTGIGAAGAAH • 


6915 


AATTCTTCACAGATTTA 


6916 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petmselinum crispum 
Trp4Term 
TGG-TGA 


CTCTTrAnATCCTCCTCTTC'ITTGI II II II IGAGITCTGAGTCACC 

TATGGCAAGTTGAGTGATTTCAGAATGTGGGCTAAGGCCACnCC 

AAGAATCTATGCCAGGCCCAGAAGTGGA 


6917 


TCCACTTCTGGGCCTGGCATAGATTCnGGAAGTGGCCTTAGCCC 
ACAnCTGAAATCACTCAACnGCCATAGGTGACTCAGAACTCAAA 
AAAAACAAAGAAGAGGAGGATAATAAAGAG 


6918 


GCAAGnGAGTGAITTC 


6919 


GAAATCACTCAACTTGC 


6920 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Petmselinum crispum 
SerTTerm 
TCA-TGA 


lAICCICCICI ICI IIGI 1 1 1 1 1 1 IGAGI ICIGAGICACCIAIGGCA 
AGnGGGTGATTTGAGAATGTGGGCTAAGGCCACTTCCAAGAATC 
TATGCCAGGCCCAGAAGTGGAGCTTCATG 


6921 


CATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTG6AAGTGGC 
CTTAGCCCACATTCTCAAATCACCCAACTTGCCATAGGTGACTCAG 


6922 


GGTGATTTGAGAATGTG 


6923 


CACATTCTCAAATCACC 


6924 


Reduced linolenic acid 
omega-3 My acid 
desaturase 
Petroselinum crispum 
GluSTerm 
GAA-TAA 


TCCTCCTCTTCTTTGI 1 II 1 1 1 IGAGTTCTGAGTCACCTATGGCAAG 
TTGGGTGATTTCATAATGTGGGCTAAGGCCACnCCAAGAATCTAT 
GCCAGGCCCAGAAGTGGAGCnCATGTT 


6925 


AACATGAAGCTCCACTTCTGGGCCTGGCATAGATTCTTGGAAGTG 

GCCTTAGCCCACATTATGAAATCACCCAACTTGCCATAGGTGACTC 

AGAACTCAAAAAAAACAAAGAAGAGGAGGA 


6926 


TGATTTCAIAATGTGGG 


6927 


CCCACATTATGAAATCA 


6928 
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' \; r[ . ;• ^ Altering OJigo$.. . ; ^ 




Reduced linolenic acid 
omegd-3 fatty acid 
desaturase 
Petroselinum crispum 
Cys9Term 
TGT-TGA 


CTCTTCTTTGI 1 1 1 1 1 1 IGAGTTCTGAGTCACCTATGGCMGTTGGG 

TGATTTCAGAATGAGGGCTAAGGCCACnCCAAGAATCTATGCCA 

GGCCCAGAAGTGGAGCTTCATGTTTCAAC 


6929 


AGTGGCCTTAGCCCTCATTCTGAAATCACCCAACTTGCCATAGGTG 
ACTCAGAACTCAAAAAAAACAAAGAAGAG 




TCAGAATRARGRrTAAR 




CTTAGCCCTCATTnT(^A 


?\0m 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Lys21Term 
AAA-TAA 


ATGGI 1 1 ICATGCTTAAGAAGAAGAAGAAGAAGAGGATrrCGACTT 
AAGCAATCCTCCTCCATTGAATAnGGTC 


6933 


GACCAATATTGAATGGAGGAGGATTGCTTAAGTCGAAATCCTCTTC 
nCTTCnCnCnAAGGATGAAAACCAnAACGCCAlTTAGAATTG 
GGGTGTCTTTGTAGTGTTGCTGCnCAT 


6934 


TTCATGCTIAAGAAGAA 


6935 


TTCTTCITAAGGATGAA 


6936 


r\euucea nnoienic acia 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu22Term 
GAA-TM 


A A/^PAr*/^A Ar*A/^TA/^A A A^A/^A^r^/'^/^A ATT^TA A AT/^O/^r^TXA ATr» 

GIN ICATGCTAAATAAGAAGAAGAAGAAGAGGATTTCGACTTAAG 
CAATCCTCCTCCATTCAATAnGGTCAGA 


6937 


TTCnCTTCnCTTATnAGCATGAAAACCAnAACGCCATTTAGAA 
TTGGGGTGTCTTTGTACTGTTGCTGCTT 




AT^iPTAAATAArJAAr^AA 




TTPTTPTTATTTAr^PAT 




Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Vem icia fordii 

Glu23Term 

GAA-TAA 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGTTAATGGTT 
nCATGCTAAAGAATAAGAAGAAGAAGAGGATrTCGACTTAAGCAA 
TCCTCCTCCATTCAATAnGGTCAGATCC 


6941 


GGATCTGACCAATATTGAATGGAGGAGGATTGGTTAAGTCGAAATC 

CTCTTCTTCncnATTCTTTAGCATGAAAACCATTAACGCCAnTA 

GAATTGGGGTGTCTTTGTACTGnGCTG 


6942 


CTAAAGAAIAAGAAGAA 


6943 


TTCncnATrCTTTAG 


6944 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Vemicia fordii 
Glu24Term 
GAA-TAA 


CAGCAACAGTACAAAGACACCCCAATTCTAAATGGCGnAATGGTT 
TTCATGCTAAAGAATAAGAAGAAGAAGAGGATTTCGACnAAGCAA 
TCCTCCTCCATTCAATATTGGTCAGATCC 


6945 


GGATCTGACCAATATTGAATGGAGGAGGAnGCTTAAGTCGAAATC 

CTCnCTTCTTCnATTCTrTAGCATGAAAACCATTAACGCCATTTA 

GAATTGGGGTGTCTTTGTACTGTTGCTG 


6946 
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CTAAAGMIAAGAAGAA 


mi 




TTCTTCnAnCTTTAG 


6948 


Reduced linoienic acid 
omega-3 fatty acid 
desaturase 


GGTCCAAGCACAGCCTCTACAACATGTTGGTAATGGTGCAGGGAA 
AGAAGATCAAGCTTAGTTTGATCCAAGTGCTCCACCACCCnCAAG 
AnGCAAATATCAGAGCAGCAAnCCAAAA 


6949 


Glycine max 

Tyr21Term 

TAT-TAG 


TTTTGGAATTGCTGCTCTGATATTTGCAATCTTGAAGGGTGGTGGA 
GCACnGGATCAAACTAAGCTTGATCTTCTTTCCCTGCACCAnAC 
CAACATGTTGTAGAGGCTGTGCnGGACC 


6950 




CAAGCTTAGTITGATCC 


6951 




GGATCAAACTAAGCTTG 


6952 


Keauceci iinoienic aciQ 
omega-3 fatty acid 
desaturase 


V30 1 MM 1 OU 1 OwMoO\3MMftUMMV3M 1 OMMUO 1 1 M 1 1 1 1 Or\ 1 V/OAr\U 1 V3 

CTCCACCACCCnCIAGATTGCAAATATCAGAGCAGCAATTCCAAA 

ACATTGCTGGGAGAAGAACACATTGAGAT 




niwninPi msav 
wiyC/if/v/ luoA 

Lys31Term 
AAG-TAG 


ATrTrAATRTRTTrTTf ^Tf Y^rAGf^AATttTT r I GGAATTGC 1 GC TCT 

GATATTTGCAATCTAGAAGGGTGGTGGAGCACTTGGATCAAAATAA 

GCTTGATCnCTTTCCCTGCACCATTACC 


6954 






6955 




TGCAATCTAGAAGGGTG 


6956 


Reduced linoienic acid 
omega-3 fatty acid 
desaturase 


AAAGAAGATCAAGCnATnTGATCCAAGTGCTCCACCACCCnCA 
AGATTGCAAATATCTGAGCAGCAAnCCAAAACATTGCTGGGAGAA 
GAACACATTGAGATCTCTGAGnATGTTC 


6957 


Glycine max 

Arg36Term 

AGA-TGA 


GAACATAACTCAGAGATCTCAATGTGTTCTTCTCCCAGCAATGTnr 

GGAATTGGTGCTCAGATATTTGCAATCTTGAAGGGTGGTGGAGCA 

CTTGGATCAAAATAAGCnGATCnCTTT 


6958 




CAAATATCIGAGCAGCA 


6959 




TGCTGCTCAGATATTTG 


6960 


Reduced linoienic acid 
omega-3 fatty acid 
desaturase 


TATrrTGATCCAAGTGCTCCACCACCCTTCAAGAnGCAAATATCA 

GAGCAGCAATTCCATAACATTGCTGGGAGAAGAAGACAnGAGATC 

TCTGAGTTATGnCTGAGGGATGTGnGG 


6961 


Glycine max 

Leu41Term 

AAA-TAA 


CCAACACATCCCTCAGAACATAACTCAGAGATCTCAATGTGncn 
CTCCCAGCAATGTTATGGAATTGCTGCTCTGATATTTGGAATCnG 
AAGGGTGGTGGAGCACnGGATCAAAATA 


6962 




CAATTCCATAACATTGC 


6963 




GCAATGTTATGGAATTG 


6964 
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- :.; \j ^ ^ 

^ - 


r 

SEQID 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

GluSTerm 

GAG-TAG 


CCGGCTCGTGCTCTCCTAGTGCTCGGGCCTCGCGCCCGTCCGCC 
GCCTGCGCGCCGGCCGGGGCGCCATTGCGGCGC 


6965 


GCGCGAGGCCCGAGCACTAGGAGAGCACGAGCCGGGCCATTGC 
CGCCGTCAGCGGGGCGGGTGCGGGTGCGGGTGGATG 


6966 


TGCTCTCCTAGTGCTCG 


6967 


CGAGCACTAGGAGAGCA 


6968 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Cys9Term 

TGC-TGA 


ACCCGCACCCGCACCCGCCCCGCTGACGGCGGCAATGGCCCGG 
CTCGTGCTCTCCGAGTGATCGGGCCTCGCGCCCGTCCGCCGCCT 
GCGCGCCGGCCGGGGCGCCAnGCGGCGCGGTCA 




TGACCGCGCCGCAATGGCGCCCCGGCCGGCGCGCAGGCGGCGG 

ACGGGCGCGAGGCCCGATCACTCGGAGAGCACGAGCCGGGCCA 

nGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGGGT 


6970 


TCCGAGTGATCGGGCCT 


6971 

Vw r 1 


AGGCCCGATCACTCGGA 


6972 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

SerlOTerm 

TCG-TAG 


CGTGCTCTCCGAGTGCTAGGGCCTCGCGCCGGTCCGCCGCCTGC 
GCGCCGGCCGGGGCGCCAnGCGGCGCGGTCACC 


6973 


GGACGGGCGCGAGGCCCTAGCACTCGGAGAGCACGAGCCGGGC 
CAnGCCGCCGTCAGCGGGGCGGGTGCGGGTGCGG 


6974 


CGAGTGCTAGGGCCTCG 


6975 


CGAGGCCCTAGCACTCG 


6976 


Reduced linolenic acid 

omega-3 fatty acid 

desaturase 

Zea mays 

Ser29Term 

TCA-TGA 


GCTCGGGCCTCGCGCCCGTCCGCCGCCTGCGCGCCGGCCGGGG 

CGCCAnGCGGCGCGGTGACCCCCCGCGCTCTCCGCGGCGCCG 

CGCCGTCGTCCCGCGTCCGCGTCCATCCACCGCGA 


6977 


TCGCGGTGGATGGAGGCGGACGCGGGAGGAGGGCGCGGCGGCG 
CGGAGAGCGCGGGGGGTCACCGGGCCGCAATGGCGCCCGGGCC 
GGCGCGCAGGCGGCGGACGGGCGCGAGGCCCGAGC 


6978 


GGCGCGGTGACCCCCCG 


6979 


CGGGGGGTCACCGCGCC 


6980 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
GluSTerm 
GAG-TAG 


CCCCCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGC 

CCCCGCAATGAGGCCGTAGCAGGAGGCGAGCTGCAAGGCCACC 

GAGGACCACCGCTCCGAGTTCGACGCCGCCAAGC 


6981 


GCnGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGCCTTG 
CAGCTCGCCTCCTGCTACGGCCTCATTGCGGGGGCCATGGCCGC 
GGATGGATCTGTGCGTGTGCGTGGGGGAGGGGG 


6982 
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't;r 't; 1^1-' '> 'u / > '■ ' vf^A^S^ 

h A ' ' ^ItenJigOligOS^t; y r' l-F ^ 


NO:' 




TGAGGCCGIAGCAGGAG 


6983 


CTCCTGCTACGGCCTCA 


6984 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aesHvum 
GInQTerm 
CAG-TAG 


CCTCCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCC 
CGCAATGAGGCCGGAGTAGGAGGCGAGCTGCAAGGCCACCGAG 
GACCACCGCTCCGAGnCGACGCCGCCAAGCCGC 


6985 


GCGGCnGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGTGGC 
CnGCAGCTCGCCTCCTACTCCGGCCTCATTGCGGGGGCCATGG 
CCGCGGATGGATCTGTGCGTGTGCGTGGGGGAGG 


6986 


GGCCGGAGIAGGAGGCG 


6987 


CGCCTCCTACTCCGGCC 


6988 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aesMim 
GlulOTerm 
GAG-TAG 


CCCCCACGCACACGCACAGATCCATCCGCGGCCATGGCCCCCGC 
AATGAGGCCGGAGCAGTAGGCGAGCTGCAAGGCCACCGAGGACC 
ACCGCTCCGAGTTCGACGCCGCCAAGCCGCCGC 


6989 


GCGGCGGCTTGGCGGCGTCGAACTCGGAGCGGTGGTCCTCGGT 

GGCCTTGCAGCTCGCCTACTGCTCCGGCCTCAnGCGGGGGCCA 

TGGCCGCGGATGGATCTGTGCGTGTGCGTGGG6G 


6990 


CG6AGCAGIAGGCGAGC 


6991 


GCTCGCCTACTGCTCCG 


6992 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Triticum aestivum 
Cys13Temfi 
TGC-TGA 


ACGCACAGATCCATCCGCGGCCATGGCCCCCGCAATGAGGCCGG 

AGCAGGAGGCGAGCTGAAAGGCCACCGAGGACCACCGCTCCGA 

GTTCGACGCCGCCAAGCCGCCGCCCnCCGCATC 


6993 


GATGCGGAAGGGCGGCGGCnGGCGGCGTCGAACTCGGAGCGG 
TGGTCCTCGGTGGCCTTTCAGCTCGCCTCCTGCTCCGGCCTGATT 
GCGGGGGCCATGGCCGCGGATGGATCTGTGGGT 


6994 


GCGAGCTGAAAGGCCAC 


6995 


GTGGCCTITCAGCTCGC 


6996 


Reduced linolenic acid 
omega-3 ^tty acid, 
desaturase 
Oryza safrVa 
Ser4Term 
TCG-TAG 


CnCACAAATCACAAATCGGAAICAGATCCACCACGACACCCCGG 
CGGCAATGGCGGCGTAGGCGACCCAGGAGGCCGACTGCAAGGC 
TTCCGAGGACGCCCGTCTCnCTTCGACGCCGC 


6997 


GCGGCGTCGAAGAAGAGAGGGGCGTCCTCGGAAGCCTTGCAGTG 
GGGCTCCTGGGTCGCCTACGCCGCCAnGCCGCCGGGGTGTCGT 
GGTGGATCTGATTCCGATTTGTGAnTGTGAAG 


6998 


GGCGGCGTAGGCGACCC 


6999 


GGGTCGCCIACGCCGCC 


7000 
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^ J, . ' / ' rV: 


SE^ID 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
GInTTerm 
CAG-TAG 


ATCACAAATCGGAATCAGATCCACCACGACACCCCGGCGGCMTG 

GCGGCGTCGGCGACCIAGGAGGCCGACTGCAAGGCTTCCGAGG 

ACGCCCGTCTCTTCnCGACGCCGCCAAGCCCC 


7001 


GGGGCTTGGCGGCGTCGAAGAAGAGACGGGGGTCCTCGGAAGC 

CnGCAGTCGGCCTCCTAGGTCGCCGACGCCGCCAnGCCGCCG 

GGGTGTCGTGGTGGATCTGAnCCGATTfGTGAT 


7002 


CGGCGACCTAGGAGGCC 


7003 


GGCCTCCTAGGTCGCCG 


70Q4 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
GluBTerm 
GAG-TAG 


ACAAATCGGAATCAGATCCACCACGACACCCGGGCGGCAATGGC 

GGCGTCGGCGACCCAGTAGGCCGACTGCAAGGCnCCGAGGACG 

CCCGTCTCnCTTCGACGCCGCCAAGCGCCCGC 


7005 


GCGGGGGCTrGGCGGCGTCGAAGAAGAGACGGGCGTCCTCGGA 
AGCCTTGCAGTCGGCCTACTGGGTCGCCGACGCCGCCATTGCCG 
CCGGGGTGTCGTGGTGGATCTGAnCCGATTTGT 


7006 


CGACCCAGIAGGCCGAC 


7007 


GTCGGCCTACTGGGTCG 


7008 


Reduced linolenic acid 
omega-3 fatty acid 
desaturase 
Oryza sativa 
CyslOTerm 
TGC-TGA 


TCAGATCCACCACGACACCCCGGCGGCAATGGCGGCGTCGGCGA 
CCCAGGAGGCCGACTGAAAGGCTTCCGAGGACGCCCGTCTCTTC 
TrCGACGCCGCCAAGCCCCCGCCCnCCGCATC 


7009 


GATGCGGAAGGGCGGGGGCTTGGCGGCGTCGAAGAAGAGACGG 
GCGTCCTCGGAAGCCTTTCAGTCGGCCTCCTGGGTCGCCGACGC 
CGCCATTGCCGCCGGGGTGTCGTGGTGGATCTGA 


7010 


GCCGACTGAAAGGCnC 


7011 


GAAGCCmCAGTCGGC 


7012 
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WHAT IS CLAIMED IS: 

1 . An oligonucleotide for targeted alteration of genetic sequence, comprising a single- 
stranded oligonucleotide having a DNA domain, said DNA domain having at least one mismatch with respect 
to the genetic sequence to be altered, and further comprising chemical modifications of the oligonucleotide, 
said chemical modifications selected from ttie group consisting of an o-methyl modification, an LNA 
modification including LNA derivatives and analogs, two or more phosphorothioate linkages on a temiinus, 
and a combination of any two or more of these modifications. 

2. The oligonucleotide according to claim one that comprises two or more 
phosphorothioate linkages on at least tfie 3' terminus. 

3. The oligonucleotide according to claim one that comprises a 2 -O-methyl analog. 

4. The oligonucleotide according to claim one that comprises an LNA nucleotide, 
including an LNA derivative or analog. 

5. The oligonucleotide according to claim one that comprises a combination of at least 
two modifications selected from the group of a phosphorothioate linkage, a 2 -O-methyl analog, a locked 
nucleotide analog and a ribonucleotide. 

6. The oligonucleotide according to any one of claims 1 to 5 that comprises at least 
one unmodified ribonucleotide. 

7. The oligonucleotide according to any one of claims 1 to 6, wherein the sequence of 
said oligonucleotide is selected from the group consisting of SEQ ID NOS: 4341-7012 . 



8. A method of targeted alteration of genetic material, comprising combining the target 
genetic material witii an oligonucleotide according to any one of claims 1 to 7 in the presence of purified 
proteins. 
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9. A method of targeted alteration of genetic material, comprising administering to a 
cell extract an oligonucleotide of any one of claims 1 to 7. 

1 0. A method of targeted alteration of genetic material, comprising administering to a 
cell an oligonucleotide of any one of claims 1 to 7. 

11. A method of targeted alteration of genetic sequence in callus, comprising 
administering to the callus an oligonucleotide of any one of claims 1 to 7. 

1 2. A method of targeted alteration of genetic sequence, comprising combining target 
genetic material with an oligonucleotide according to any one of claims 1 to 7, said target genetic material 
being a non-transcribed DNA strand of a duplex DNA. 

1 3. The genetic material obtained by any one of the methods of claim 8, 9 or claim 1 0. 

1 4. A cell comprising the genetic material of claim 1 3. 

1 5. A plant organism comprising the cell according to claim 1 4. 

1 6. A plant or plant part produced by the method of claim 1 1 . 

1 7. A method of determining whether an oligonucleotide is optimized for targeted 
alteration of a genetic sequence, which comprises: 

(a) comparing the efficiency of alteration of a targeted genetic sequence by an oligonucleotide of 
any one of claims 1 to 7 with the efficiency of alteration of the same targeted genetic sequence by a second 
oligonucleotide, said second oligonucleotide selected from the group of an oligonucleotide that lacks the 
mismatch, a fully modified phosphorottiiolated oligonucleotide, a fully modified 2'-0-metiiylated 
oligonucleotide and a chimeric double-sti'anded double hairpin containing RNA and DNA nucleotides. 
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1 8. The method of claim 1 7 in which the alteration is produced in a plant cell extract 

1 9. The method of claim 1 7 in which the alteration is produced in a cell. 

20. A kit comprising the oligonucleotide according to any one of claims 1 to 7 and a 
second oligonucleotide selected from the group of an oligonucleotide that lacks the mismatch, a fully 
modified phosphorothiolated oligonucleotide, a fully modified 2-0-methylated oligonucleotide and a chimeric 
double stranded double hairpin containing RNAand DNA nucleotides. 
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Wild type: GAC AGCArg]GCCAGT 
Mutant: GACAGCAT- GCCAGT 
Converted: GAC AGC AT |]GCCAGT 



Sequence analysis of Tet^plasmid A208 



Control 



3S/25A 




Figure 3 
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DNA sequence analysis of Katf plasmids 
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Figure 6 
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HvaE3T/25: 5 ' -AGG GCG TGG ATA CGT CCT GCG GGT A- 3' 



HvaE3T/74: 5 ' -CTC GTG CTT TCA GCT TCG ATG TAG GAG GGC 

GTG GAT ACG TCC TGC GGG TAA ATA GCT GCG 
CCG ATG GTT TCT AC-3' 



HvaE3T/74a; 5 ' - GTA GAA ACG ATC GGC GCA GCT ATT TAC CCG 
CAG GAC GTA TCC ACG CCC TCC TAC ATC GAA 
GCT GAA AGC AC£ M-3' 



HvaGG/Revt 

T T 
/ \ / \ 

T ACATCCTCCCGCACCTATGCAGGACGCCCAT T 
T TGTAGGagggcguggaTAGGTccugcgggua T 
\ / / \ \ / 

T 3' 5' T 



Kan70T; 5 '-CAT CAG AGC AGC CAA TTG TCT GTT GTG CCC AGT 
CGT AGC CGA ATA GCC TCT CCA CCC AAG CGG CCG GAG 
A-3' 



Figure 8 
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TTCGGCTA G GACTGG Neo/kan target 
AAGCCGAT C CTGACC 



TTCGGCTA C GACTGG 
AAGCCGAT G CTGACC 



converted 
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